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PREFACE
This report is one of a series being sponsored, and published by the Bureau of
Reclamation's pumped-storage research program. Bureau research on the
environmental effects of pumped storage began in 1971 and is continuing.
Information on the environmental effects of pumped-storage operations at
Twin Lakes, Colo.; Banks Lake, Wash.; and the Salt River Reservoirs, Ariz, is
available in this report series.
This report is the result of a 5-year study by personnel of the University of
Nevada, Las Vegas, to determine the water quality aspects of Lake Mead. The
study has been directed throughout its duration by Dr. James E. Deacon. The
Bureau concluded its water quality studies of Lake Mead with reports by
Hoffman etal. [1,2] ' of which this report presents an update.
These results are being used by Federal, State, and local agencies in evaluating
the degree of "pollution of Lake Mead." In addition, the Bureau has been
directed by Congress to determine the feasibil ity of adding hydroelectric
generating units to Hoover Dam to increase its peaking capacity. Alternatives
to be studied include additions of conventional generating units, reversible
pumped-storage hydroelectric units; upgrading existing units, and variations of
these alternatives. The results in this report are essential to accurately evaluate
the environmental effects of any proposed alteration of Lake Mead.
The large number of undetected enteric bacteria (with standard procedures),
indicates a possible potential public health hazard which, if continued
undetected, could reach infectious concentrations. Therefore, at the very least,
a critical review of currently accepted standards and procedures should be
initiated.
Studies, financed by the Bureau of Reclamation, are continuing on the fisheries
and limnological aspects of Lake Mead, and future reports of data obtained
from such investigations will be forthcoming.
James F. LaBounty
Research Biologist
Division of General Research
Engineering and Research Center
Bureau of Reclamation
Denver, Colorado
Numbers in brackets refer to items in the Bibliography.
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INTRODUCTION
The studies on Lake Mead herein reported were
initiated in'.November 1971, by a contract to
UNLV (University of Nevada, Las Vegas) from the
LVVWD (Las Vegas Valley Water District). At
that time, water quality standards for water
flowing into Lake Mead from LVW (Las Vegas
Wash) had been set on the basis of a "no
d ischarge" ph i losophy. Because of the
considerable controversy over the best method
of cleaning up the "pollution of Lake Mead,"
LVVWD felt compel led to develop some
objective information regarding the effects of
water from LVW on limnological conditions in
Lake Mead.
Considerable information had been gathered on
the l imnological condit ions of Lake Mead
(USBR [3], Anderson and Pritchard [4], Jonez
and Summer [5], Thomas [6]). Hoffman et al. [1 ]
established for the first time that a negative
heterograde oxygen profile existed in Lake Mead
during summer strat i f icat ion. The FWPCA
( F e d e r a l W a t e r P o l l u t i o n C o n t r o l
Administration) [7] showed that algae were most
numerous at the head of LVB (Las Vegas Bay) and
decreased with distance toward Boulder Basin.
This report suggested that phosphorus limitation
could be effective in limiting algal growths in
LVB. Hoffman etal. [2] again documented the
existence of the negative heterograde oxygen
profile and described the nature of summer
stratification in Lake Mead. Kaufman etal. [8]
identified the most significant source of TDS
(total dissolved solids) in LVW and traced its flow
into LVB as a density current. Koenig etal. [9]
described some of the characteristics of the
density current as well as other limnological
features of Lake Mead. Everett [10] attempted
to develop a mathematical model of primary
productivity in Lake Mead.
The EPA (Environmental Protection Agency)
report [11] indicates that 81.4 percent of the
nitrogen and 99.6 percent of the phosphorus
flowing into Lake Mead from Las Vegas Valley
originate from the sewage treatment plants
serving Las Vegas and Clark County. The report
states that all waste discharges must eventually
be removed from LVW to assure that nuisance
algal blooms do not occur in LVB.
be developed. Therefore, the purpose for the
work reported herein was to meet this need.
Results have clearly shown that an extensive
1-year study, while extremely informative, is not
sufficient to adequately characterize a body of
water as variable as Lake Mead. Over 3 years of
monitoring has basically shown that the lake is
largely mesotrophic in character with the inner
LVB being eutrophic. It appears that as lake level
changes, there are important changes in the
limnological character and trophic status of the
lake. Basically, these involve the appearance of
more eutrophic conditions at lower lake levels,
probably the result of less dilution of inflowing
nutrients. Other possibilities involve changing
patterns of nutrient cycling in Lake Mead.
Most importantly, to date these studies have
resulted in establishing the concept that Lake
Mead is capable of receiving some discharge
from LVW without impairing its beneficial uses.
The water quality standards have consequently
been r e v i s e d to pe rm i t a p h o s p h o r u s
concentration of 0.5 mg/L in the inflowing
stream from the LVW. This standard is currently
being examined for possible revision. Other
standards have also been set, but most have little
or no practical influence on the trophic status of
Lake Mead. The r e s u l t o f r e v i s i n g the
phosphorus standard was that al ternat ive
strategies could be examined as possibilities for
meeting that standard.
In the course of our studies, many management
agencies have presented their problems or
requested information on Lake Mead. It is
evident that there is much to be learned about
Lake Mead, but also that as in format ion
accumulates, its application and significance to
management interests becomes increasingly
obvious. The focus of this work, therefore, is
beginning to shift from monitoring the effects of
the nutrient-rich waters of LVW to a broader
examination of the limnological relationships in
Lake Mead and Mojave. It is believed that
information of this sort is essential to enlightened
management. This report documents the current
understanding of the limnology of Boulder Basin
of Lake Mead.
SUMMARY
Intelligent planning demanded that current
information on the trophic status of Lake Mead
Lake Mead is a deep, subtropical, monomictic
lake with surface water temperatures ranging
from 10.5 to 27 °C. Thermal stratification
develops in May and June, and a classical
thermocline becomes established between a
depth of 1 0 and 1 5 m in July. A turnover begins
in October and the lake is completely destratified
in January and February. Turnover is weak due
to surface temperature only approaching
hypolimnetic temperatures.
A negative hetrograde oxygen profile develops
with thermal stratification and is found in all
reaches of Lake Mead. The most severe oxygen
depletion occurs in LVB as a result of higher
eutrophic conditions. Oxygen depletion is
always associated with the thermocline and
hypolimnetic oxygen levels remain high with only
m i n i m a l o x y g e n l o s s d u r i n g s u m m e r
stratification.
Data from these studies show that metalimnetic
oxygen depletion is the result of biological
respiration. This is supported by the vertical
distribution of pH which also has minimum
values in the metalimnion, indicating higher
concentrat ions of carbon dioxide being
produced in this zone. Phytoplankton and
zoop lank ton resp i ra t ion are the pr imary
causative agents of the metalimnetic oxygen
depletion, accounting for 57 to 94 percent of
the oxygen lost. The primary factor permitting
the negative hetrograde oxygen profile is the
depth of the lake. Only the upper portion of the
hypolimnion is affected by metalimnetic oxygen
depletion. Oxygen concentrations in the deeper
waters remain high and result in the negative
hetrograde oxygen profile.
Phosphorus concentrations throughout LVB,
because of nutrient enrichment from LVW, were
higher than those found in the Boulder Basin.
Phosphorous loading from LVW has increased
since 1 972 from a mean daily rate of 524 kg/d
(1 1 55 Ib/d) to 792 kg/d (1 746 Ib/d) in 1 975.
The phosphorus loading from LVW is extremely
high when compared with the Colorado River,
which, with 200 times the volume, discharges
only 950 kg/d (2094 Ib/d) into Lake Mead.
Phosphorus loading for Boulder Basin is in the
proposed "dangerous" level. A reduction in the
phosphorus loading from LVW to 360 kg/d
(794 Ib/d) would result in a "permissible"
loading rate in Boulder Basin.
Nitrogen appears to be limiting, at least to the
n u m e r i c a l l y d o m i n a n t d i c y c l i c d ia tom,
Cyclotella. during midsummer. This is indicated
by the dominance of the blue-green algae,
Anabaena,a possible nitrogen fixer, between the
early summer and autumnal pulse of Cyclotella.
Nitrate-N is almost completely depleted from the
epilimnion at this time. Cyclotella does remain
dominant in the estuary of LVB where nitrogen
is available via LVW. Fall overturn circulates
nitrogen f rom the hypol imnion into the
epilimnion and may be the most important factor
behind the autumnal pulse of Cyclotella. The N/P
(nitrogen to phosphorus) ratios also show an
e x c e s s o f p h o s p h o r u s d u r i n g s u m m e r
strati f ication, indicating the possibility of
nitrogen limitation.
Although phosphorus inflow has increased,
phytoplankton numbers and biomass have
decreased since 1972. This may be related to
lake elevations. In 1972, the water level was
about 6 m lower than it was in 1 974 and 1 975.
The higher water levels increased the volume of
the i nne r LVB a l one by a p p r o x i m a t e l y
50 x 1 O6 m3. The increased volume would result
in a greater dilution of the LVW influent, thereby
decreasing the availability of the nutrients to the
phytoplankton.
Phytoplankton counts were typically dominated
by early summer (June and July) and autumnal
(October-December) pulses of diatoms. The
blue-green algae, Anabaena, is usually dominant
in September between the diatom pulses.
Numbers are always.higher in the inner bay
because of nutrient enrichment from LVW. The
diatom, Cyclotella, is responsible for both the
early summer and autumnal pulses. The early
summer pulse appears to originate in the inner
bay and expands outward in a wavelike manner
on succeeding days throughout the middle and
outer bay. The autumnal pulse always occurs
throughout LVB and Boulder Basin in October
and is associated with mixing. The early summer
pulse of Cyclotella has declined since 1 972 and
has been accompanied by an increase in the
Anabaena population. In 1975, there was no
apparent early summer pulse in the outer bay
and Boulder Basin, apparently because of the
complete dominance of Anabaena. This may
have resulted from the flash flood of July 4,
1 975, which damaged the city of Las Vegas
sanitation plant and discharged a large quantity
of nutrient-rich sediments from the LVW marsh
system into LVB. However, the dominance of
Anabaena may be related to other physical or
biological factors.
The early summer and autumnal pulses of
Cyclotel/a have relatively little influence on
biomass determinat ions. Cyclotella never
comprised more than 1 5 percent of the total
biomass of the phytoplankton based on cell
volumes. Anabaena was more impor tant ,
accounting for 1 5 to 50 percent. Fragilaria,
Glenodinium, Ceratium, and Oocystis were the
dominant organisms on the basis of cell volumes.
Cyclotella and other diatoms occurring during
the autumnal pulse may be important in the taste
and odor problems experienced by the Alfred
Merritt Smith water treatment plant in the fall.
Primary productivity estimations were extremely
high, especially in the inner bay. Lake Mead has
been classified as a polluted, eutrophic lake
based on primary productivity indices. These
indices are based on temperate lakes and do not
take into account the extended growing season
in a subtropical lake such as Lake Mead. Primary
productivity in Boulder Basin is comparable to
other t r o p i c a l o r s u b t r o p i c a l lakes, and
conditions in Boulder Basin are probably not as
serious as has been reported! The extremely high
primary productivity in LVB is of concern as it is
indicative of the enriched conditions which have
developed because of LVW. Based on maximum
phytoplankton volumes, the inner portion of LVB
is highly eu t roph ic and Boulder Basin is
mesotrophic.
The limnetic zooplankton community of Boulder
Basin generally shows characteristics similar to
typical limnetic communities reported in the
literature. Rotifers, cladocerans, and copepods
are the main components of the zooplankton
community. The total population shows three
d i s t i n c t p e a k p e r i o d s o f a b u n d a n c e ,
October/November, January/February, and
June/July.
The v e r t i c a l d i s t r i bu t i on of the summer
zooplankton community is quite different from
that seen in winter populations. The summer
populations exhibited a preference for the upper
layers of the water column. The abundant grazers
(copepod naupli i and juveni le instars, and
cladocerans) showed a definite affinity for the
metalimnion (10 to 25m). The presence of a
large metalimnetic area appears to set up an
energy-subsidy system. The density layering
caused by the thermal gradient may allow these
organisms to remain in this region, expending
little energy because of the constant rain of
phytoplankton and detritus from the epilimnion.
Coliform populations in LVB were generally low;
however, after the flash flood of July 4, 1 975,
higher concentrations were found. Most of the
enteric bacteria at that time were found to be
Erwinea herbico/a and Klebsiella pneumoniae.
E. herbicola is generally associated with plant
galls and K. pneumonia is found in association
with root systems as well as with fecal material.
Because such a large volume of water came
down the wash during the f lash flood, and
because the largest number of enteric organisms
found may have been associated with plants, the
source of these bacteria may have been from the
marsh system and not from the sanitation plants.
Salmonella was also detected in LVB after the
flash flood.
A laboratory study was conducted to determine
the survival of sediment-bound coliforms. Results
showed that coliforms do survive for significant
periods of t ime in the sediments and that
col i form populations will increase in size in
nutrient-rich sediments. Since a large fraction of
the entering bacterial load is deposited in the
nutrient-rich sediments at the mouth of the wash,
resuspended bottom sediments may be a
significant source of coliforms in LVB.
Studies of the distribution of water current from
LVW into LVB showed that a density current
exists just above the mud-water interface for
some distance into the lake. Both bacter ial
tracers and flourescent dye tracer in water from
LVW were detectable in this density current.
Arrival time of the dye peak was coincident with
the bacterial tracer arrival. The transit time from
dye injection at North Shore Road to sample
point 1, 1200m downstream, was 45 min.
Transit time from sampling point A to sampling
point G, 400 m downstream, was 1 1 0 min. Time
from G to sampl ing point 2, a distance of
1000 m, was 245 min.
Oxidase negative bacteria in significant numbers
over those already present in the lake have been
detected as far into the lake as sampling point
3 under special conditions (i.e., during a period
when the sanitation plant was inoperative) but at
sampling point 2 on most occasions. In general,
the distribution of oxidase negative bacteria
correlates well with the arrival of injected dye
peaks at sampling points in LVB.
Difficulty in locating relatively low quantities of
dye favors the use of indigenous bacteria as
cur ren t t r ace rs . This is so because the
indigenous bacteria in LVW are injected over a
rather long period of time in relatively high
concentrations. The "component ratio" concept
of bacterial tracing has great promise as a means
of tracing water distribution patterns of streams
into lakes. The utility of this new concept lies in
that it is not dependent on the sporadic
occurrence of a unique bacterium that is
indigenous to the influent stream and not the
lake. Rather, this new concept is dependent on
the fact that the relative ratios of bacterial
genera in an inflowing stream are maintained as
the current f rom that s t ream penetrates
progressively into the lake. The maintenance of
the component ratio makes bacteria occurring in
the distinctive current independent of the
"noise" created by populations of like bacteria
in the lake. Simply, this means that current
tracing may be initiated any time the need arises.
For the oxidase negative bacteria, standard
methods result in misleading interpretations
because the toxicity of inhibitors present in the
media results in heavy mor ta l i t y during
incubation of samples. This has proven to be the
key barrier to the use of oxidase negative
bacteria as tracers of water distribution patterns.
For the oxidase negative bacteria, the multitest
scheme for identification provides a source of
descriptors once the bacteria have been isolated.
The e n t i r e a r r a y o f d e s c r i p t o r s is too
cumbersome for routine use, as is the sequential
treatment of individual single isolates. A single
solution to the inhibitory initial isolation and the
isolate ident i f icat ion problems has been
resolved. This solution involves initial plating on
noninhibitory agar followed by serial replica
plating onto multidescriptor media, a measure
which allows simultaneous evaluation of similar
characteristics and percentage distributions of
hundreds of bacteria at once rather than one at
a time.
APPLICATION
The results of this study will be of interest and
use to anyone studying the aquatic biology of
desert reservoirs and in particular to those
concerned with the management of Lake Mead
whether it be the fishery or water supply aspects.
Data obtained for this study will be used by the
Bureau and others who are planning future




Lake Mead was formed by impounding the
Colorado River behind Hoover Dam in 1 935.
The lake is located in the Mohave Desert where
maximum temperatures over 40 °C occur
regularly in June through September and winds
over 30 kilometers per hour are frequent. During
recent years, the lake has had a maximum depth
of over 1 30 m. The capacity of the lake, at an
e leva t ion of 374 m above sea level, Is
36 x 1 O9 m3 with a surface area of 660 km2 (Lara
and Sanders [1 2]). The average sediment
accumulation between 1935 and 1964 was
1.1 3 x 1 0s cubic meters per year. This has been
substantially reduced by the construction of Glen
Canyon Dam above Lake Mead (Hoffman and
Jonez[13]). Lake Mead consists of four major
basins separated by deep narrow canyons. The
major reaches in downstream order are Pierce
Basin, Iceberg Canyon, Gregg Basin, Virgin
Basin, Boulder Canyon, and Boulder Basin. The
Moapa and Virgin Rivers, discharging into the
Overton Arm of Virgin Basin, and LVW (Las
Vegas Wash), discharging into LVB (Las Vegas
Bay), a large arm of Boulder Basin, are the only
other tributaries to Lake Mead. Investigation of
the effects of the Moapa and Virgin Rivers has
not been undertaken. LVW is a nutrient-rich




In 1972, 14 stations were located throughout
LVB. The midchannel stations were retained in
1974, and three additional stations (stations 6
to 8) were located in the Boulder Basin (fig. 1).
In 1975, regular sampling at stations 7 and 8
was discontinued. Additional samples were
taken at other locations in the Boulder Basin and
in the upper basins at various times.
Figure 1 .-Location of sampling stations in the Boulder Basin.
Samples were taken weekly at each of the 14
regular stations in 1972. In 1974 and 1975,
samples were taken monthly during winter and






Regular measurements of temperature. D.O.
(d isso lved oxygen) , c o n d u c t i v i t y , pH, and
nutrients were taken in 1 972, 1 974, and 1975
as part of the Lake Mead Monitoring Program.
Sampling was mainly confined to the Boulder
Basin. Additional data were obtained from other
areas of the lake.
Materials and Methods
Temperature, D.O., conductivity, and pH were
measured with a model IIA Water Qual i ty
Analyzer (Hydrolab Corporation) at 5-m intervals
to a maximum depth of 90 m. Measurements
were taken at 1-m in te rva l s through the
me ta limn ion during summer stratif ication in
1974 and 1975.
Water samples for nutrient analysis were taken
at each station at various depths with a 3-L Van
Dorn water sampler throughout 1 974 and
1 975 . The samples were preserved with
mercuric chloride and analyzed for total
phosphorus, dissolved phosphorus, ammonia
nitrogen, nitrite-nitrate nitrogen, and Kjeldahl
nitrogen. Nutrient analyses were performed by
the Land and Water Monitoring Branch of EPA,
Las Vegas, Nev.
Results
Temperature-Waler temperatures ranged from
10.5 °C in January and February to 27 °C in
July and August (table 1). Thermal stratification


















































developed in May and June with the greatest
thermal gradient (about 3 °C change per 5 m)
between 5 and 10m. In July, a classical
thermocl ine (Hutchinson [1 4]) developed
between 1 0 and 1 5 m when surface water
temperatures reached 26 °C. The thermocline
remained at 1 0 m through September in both
1974 and 1975, although surface water
temperatures were slightly cooler. Mixing usually
begins in October but this occurred early in
1 972 with mixing to a depth of 1 5 m in
September. The lake was completely destratified
in January and February when surface water
temperatures reached 10.5 °C. Hypolimnetic
water temperatures (at 90 m) usually remained
constant at 1 0.5 °C and, therefore, turnover
was very weak.
Oxygen.-With the development of thermal
stratification there was a loss of metalimnetic
oxygen ( table 2), resul t ing in a nega t i ve
hetrograde oxygen profile (Hutchinson [1 4]).
The loss of metalimnetic oxygen was continuous
throughout the period of summer stratification
and, therefore, the lowest metalimnetic oxygen
levels usually occurred in September just prior to
mixing (fig. 2). In 1 974 and 1 975. the lake
remained stratified at 1 0 m through September
resulting in a pronounced narrow zone of low
oxygen. This narrow zone did not develop in
1 972 due to lower water temperatures and
mix ing wh ich began in la te Augus t and
September.
Table 2.—Temperature and dissolved oxygen at station 4—
































































































































































0 2 4 6 8 10 2 4 6 8 1 0 1 2
Figure 2.-Vertical distribution of dissolved oxygen at
station 5.
The negative hetrograde oxygen profile was
found in all reaches of the lake (table 3), except
in the Gregg and Pierce Basins. LVB and Boulder
Basin had the most pronounced metalimnetic
oxygen depletion. Metalimnetic oxygen levels
below 2.0 mg/L in the Boulder Basin and below
1.0 mg/L in LVB were found in August and
September. The zone of depletion was broader
in LVB than in Boulder Basin. In 1972 , the
Overton Arm of Virgin Basin showed a broad
zone of depletion similar to LVB, but did not
reach comparable low levels.
pH.-Jhe pH (hydrogen ion concentration) ranged
from 7.3 to 8.8. The highest readings were at the
sur face during the summer and apparent ly
resulted from relat ively high phytoplankton
production. Vertically, the lowest values were
a lways found within the meta l imnion and
corresponded with low oxygen levels (fig. 3).
This ind ica tes that resp i ra to ry ac t i v i t y is
important in both decreasing the pH level and
reducing the oxygen levels in the metalimnion.
Conductivity.-C.onducl\v\\.y was genera l ly
constant at 1100 ju,S/cm and did not change
vertically except in LVB stations 2 and 3 (table
4). Higher conductivity levels were found at
these stations as a result of a density current or
cell from LVW. The density current was located
along the bottom when the lake was destratified
(November-April). In May, thermal stratification
developed and water temperatures increased in
LVW, changing the density relationships of the
two water masses. At that time, the water from
L V W w a s n o t a s d e n s e a s t h e c o o l e r
hypolimnetic water and the density current was
located in the area of the thermocline. The
density current remained within the metalimnion
t h r o u g h o u t s u m m e r s t r a t i f i c a t i o n
(May-September). There was no evidence, as
indicated by higher conductivity levels, of the
density current reaching the mouth of LVB
(station 4). There appeared to be substantial
mixing and dilution of the current before it
reached this point.
Nutrients.-Nutrient concentrations for 1975 are
presented in appendix I. Phosphorous and
nitrogen were higher and more variable in LVB
than in Boulder Basin. This was due to nutrient
infow from LVW and was especially evident at
stations 2 and 3 within the density current. A
complete discussion of nutrient concentrations
is included as a separate section of this report.
Discussion
Lake Mead can be c l a s s i f i e d as a deep,
subtropical, monomict ic lake according to
Hutchinson [1 4]. The lake becomes thermally
strat i f ied, although a c lass ica l thermocl ine
occurs only for a short period in July. Thermal
stratification of a lake is pimarily dependent on
incident solar radiation, but is also affected by
wind and the degree of exposure of the lake.
Therefore, thermal stratification in Lake Mead is
not pronounced due to the large surface area of
the lake and high summer winds which tend to
somewhat destratify the lake.
The occurrence of a negative hetrograde oxygen
profi le in Lake Mead was f i rst reported by
Hof fman e t a l . [1]. A negat ive hetrograde
oxygen profile was evident in 1 944 2 and low
metal imnet ic oxygen levels probably have
occurred since the formation of the lake. The
cause of metalimnetic oxygen depletion in Lake
Mead appears to be the result of biological
respiration. This is supported by the vertical
distribution of pH which is a function of carbon
2 Bureau of Reclamation, unpublished data.
Table 3.— Vertical distribution of dissolved oxygen




































































































































D.O. mg/i 2 3 4 5 6 7 8 9 I O
°dO 12 14 16 18 20 22 24 26
Figure 3.-Vertical distribution of temperature, dissolved
oxygen, and pH at station 4, October 2, 1975.
dioxide concentrations. In solution, carbon
dioxide reacts with water to form carbonic acid,
bicarbonate, and carbonate ions. The carbonic
acid will lower the pH, although the system is
buffered by the bicarbonate and carbonate ions.
The lowest pH values were always found in the
metalimnion and corresponded with low oxygen
levels, thus indicating that biological respiration
is occurring on a large scale.
A further discussion on the causes of the
metalimnetic oxygen depletion is presented in
the section entitled, "Metalimnetic Oxygen





Phytoplankton are sensitive indicators of various
l imno log i ca l f a c t o r s such as nu t r ien t
concen t ra t ion , l ight, and tempera ture .
Limnologists therefore estimate one or more
phytoplankton parameters (population density,
biomass, productivity), then use this information
as criteria for judging the severity of water
pollution or other water quality perturbations.
Defining the extent of such perturbations





























































































































inevitably involves comparing phytoplankton
parameters along a pol lu t ion grad ient or
between areas of the lake subjected to various
degrees of pollution. The val id i ty of these
comparisons is dependent on the precision of
the phy top lank ton sampl ing p rocedu re .
Variabi l i ty in sampling can often mask real
d i f f e rences in the lake, or worse, lead to
erroneous conclusions regarding the true status
of the phytoplankton community. It is therefore
essential that an evaluation of the sampling
procedure be conducted prior to embarking on
a study of the phytoplankton community.
Phytoplankton sampling necessarily involves
several stages of subsampling, each stage
associated with a degree of variabil i ty. The
number of subsampling stages depends on the
methods employed in a particular study, but
generally these stages include: (1) sampling one
point in the lake, (2) subsampling the lake
sample, (3) count ing severa l f ie lds of the
respective subsamples. Error analysis appears
complex, but the h ie ra rch ica l sampling is
amenable to statistical procedures which permit
simultaneous analysis of variation at each stage
of sampling.
The object ive in this study was to conduct a
series of phytoplankton sampling experiments
which could be subjected to rigorous statistical
analysis, thus allowing the development of an
efficient sampling program for Lake Mead.
Experimental Methods
In this study the membrane filter procedure of
phytoplankton enumeration was employed, as
d e s c r i b e d by McNabb [1 5], m o d i f i e d by
Moore [1 6] for permanent mounting on glass
slides, and further revised by Holmes [1 7] to
include dehydration of the filter with ethanol.
This procedure involves pouring a known aliquot
of water into a filtration apparatus designed to
accommodate a micropore fi lter (47-mm-dia.,
0.45-/u.m pore size). The water is drawn through
the filter by vacuum (69 kPa) followed by a series
of alcohol rinses. The filter is removed from the
apparatus and placed in a petri dish containing
cedar oil which clears the filter in approximately
24 hours. After clearing, a portion of the filter is
placed on a glass slide with several drops of
Permount (a syn the t i c mount ing medium
distributed by Fisher Chemical Co.), a cover slip
is added, and the slide is set aside for 1 or 2 days
to allow the Permount to set. The result is a clear
slide ready for microscopic examination.
A method of counting the same portion of a filter
in an identical manner for several samples had
to be devised for the purposes of these
experiments. Sectioning the f i l ter into equal,
identifiable quadrats appeared to be a desirable
modification. The device used to quarter a filter
is merely a replica of a micropore filter (47-mm
dia.), subdivided into four equal quadrats, etched
into a plexiglass block. Since a micropore filter
is unmarked, it was necessary to scribe a mark
on the basal part of the filtering apparatus and
place a corresponding pencil dot on the filter to
guide alinement on the appara tus prior to
filtration. This dot, visible after the filter has
cleared, permits alinement with a corresponding
mark scr ibed on the p lex ig lass block. Each
quadrat can then be exactly sectioned with a
razor blade and mounted on a standard glass
slide. Mounting is not necessary but is advisable
should later reference to a particular slide be
desired.
Counting fields were selected by subdividing a
quadrat into 0.25-mm squares (the calibrated
area of a Whipple d isk) . Each square was
numbered; i.e., 00, 01, 02, . . . n, and counting
fields were selected from a table of random
numbers (Bliss [1 8]). This process was repeated
for all four quadrats. Orientat ion to these
randomly selected fields was made using the
microscope micrometer.
Sampling and Analysis
Three 1-L surface water samples (series I) were
collected, with a Kemmerer (1-L) water sampler,
in immediate sequence from one location in LVB
(Las Vegas Bay) on November 1 7, 1 972 .
Aliquots of 200 mL were filtered from each
sample. The 200-mL volume had been shown
(Koen ing e ta l . [9]) to be app rop r ia te for
ach iev ing a good count ing d i s t r i bu t i on of
p h y t o p l a n k t o n on the m i c ropo re f i l t e r a t
densities occurring in LVB. The predominate
genera encountered in this set of samples were:
Carter/a, Cyclotella, Chlamydomonas,
Peridinium, and Ma/lomonas.
To determine the number of counting fields
required to adequately represent a quadrat, an
arbitrary 10-percent error limit was set on the
mean estimate. A series of 40 random fields
were then counted on 1 quadrat and the mean
phytoplankton per counting field, s tandard
deviation, and 95 percent confidence interval
were computed in cumulative increments of 1 0
counting fields (table 5).
The 10-percent error limit occurred after 20
fields had been counted. Twenty fields were
therefore counted on each quadrat of these
three samples.
Having es tab l i shed an adequate count ing
procedure, it was further considered necessary
to e v a l u a t e the s a m p l i n g d i s t r i b u t i o n o f
organisms on the filters. Researchers frequently
employ standard statistical tests without regard
for the sampling distribution of a population. The
power of a statistical test, however, is greatly
enhanced with a knowledge of the sampling
d is t r ibu t ion . Tota l phy top lank ton f rom 80
counting fields (20 from each of 4 quadrats)
were used to contrast frequency distributions for
the three samples. The Chi-square test reveals
that the cumulative x2 for each of the three
samples had probabil i t ies P(X2 = 0.10-0.50,
wi th in the range of the a c c e p t a n c e region
10


































(figs. 4a, 4b, and 4c). A satisfactory agreement
t h e r e f o r e e x i s t e d be tween obse rved and
theoretical normal frequencies, and the normal
a p p r o x i m a t i o n was an a d e q u a t e work ing
representation of the data. The approximate
normal i ty of the sampling d is t r ibut ion was
encouraging because it permitted the use of
parametric stat ist ical tests in the subsequent
analyses.
A nested, three-factor, random effects analysis
of variance (Simpson & Roe [19]) was used to
determine the magnitude of variation associated
with the sampl ing. The nested, rather than
fac to r ia l , design was used because of the
hierarchical nature of sampling. In the nested
design, the uniq..ue ef fects as'sociated with a
factor are restr icted to one level within that
factor (Winer [20]). Since each factor is treated
independently of the others, the nested design
with factors B and C nested under factor A, is the
desired model.
The computational procedures are similar for the
fac tor ia l and nested designs; however, they
differ in the construction of the AOV (analysis of
variance) table. It is possible to obtain a nested
design from a factorial by using the fully crossed
factor ia l equivalent outl ined by D ixon( [21 ]
p. 504). A method for calculating the nested d.f.
(degree of freedom) from a factorial was adopted
from Winer [20].
These sources permit use of factorial computer
programs, for which most three-way analyses are
intended, to obtain valid nested designs.
The results of the nested, three-factor analysis
for the data discussed above are outl ined in
table 6.
The analysis reveals that a significant difference
exists between the samples. The methods of
t rea t ing each sample though are cer ta in ly
satisfactory as shown by the very homogeneous
MS (mean square) and low F-ratio for the quadrat
treatments. The implications of the analysis are
that only one quadrat need be examined from
each filter, thus greatly reducing the processing
time for each sample. The remaining problem
was to resolve the large var iabi l i ty between
samples, and to determine if any dif ference
existed between aliquots of the same sample.
It seems reasonable that if large var iab i l i t y
existed between individual samples taken in
quick success ion at the same lake stat ion,
combination of multiple single samples into a
large integrated sample would likely reduce that
variability. To test this hypothesis, three more
samples (series II) were collected from the same
location in LVB on December 1 4, 1 972; each of
these consisted of three 1-L subsamples pooled
to form one larger sample. The predominate
genera in these samples were: (1) Anabaena,
(2)Chlamydomonas. (3) Cyclotella, (4) Carter/a,
and (5) Peridinium. The same enumerat ion
procedure was followed, but each sample was
subsampled (200-mL aliquots) twice and 20
fields were examined on only 1 quadrat.
Another nested AOV was designed with the
f o l l o w i n g f a c t o r s : ( a ) s a m p l e s (3 leve ls ) ,
(b) subsamples (2 levels) and (c) counts (20
fields). The results of that analysis, summarized
in table 7, show no significant F-values in any of
the factors.
However, in this AOV a new source of variability
was part i t ioned out; the var iabi l i ty between
subsamples within a sample. This variability was
included in the between-samples MS of series I.
Because of this, the between-samples MS of
series I and II are not directly comparable. To
compare the results of two AOV sets, they must
1 1
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1 Computations based on total plankton from 20 randomly selected counting fields.
2 P(F)<0.05.
3 SS = sum of squares.
4 MS = mean square.
























1 Computations based on total plankton from 20 randomly selected counting fields.
SS = sum of squares.
3 MS = mean square.
include the same components. If, however, by
lumping samples and quadrat MS of series I and




"9228 "23.97 ~ 3'26
Series II
^5114=^=2.09
Series I is still significant at P0.05, but series II is
not. These are directly comparable and indicate
that pooling of the lake samples is an effective
way of reducing sampling variability.
During this s t a t i s t i c a l e v a l u a t i o n it was
discovered that the counting of 20 fields per
quadrat was excessively time consuming. This
required that the number of counting fields be
reduced to handle the number of samples that
needed to be analyzed. However, there was
some apprehension in adopting a new counting
procedure without some statistical basis for
accepting it. Sokal and Rohlf [22] describe a
procedure which allows one to test what effect
reducing the number of counting fields from 20
to 10 would have on the previous statistical
analyses. In the nested AOV the expected MS for
each factor includes variance components
shown in table 8.
Table 8.—Mean square and degree of freedom













+ na2b a + nba2 A
+ na2 b a
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To portion the variance from each factor, take
the difference between corresponding MS and
divide by the number of replicates on which it
was based. For example, from table 7, the
following can be estimated:
2 _ MS(samples) - MS(subsamples)
nb
23.275- 17.330
20 (3) -= 0.099
(72ba = MS(subsamples) - MS(counts)
17.33- 9.39
20 = 0.397
a2 = MS counts = 9.39
To evaluate what effect reducing the number of
counting f ie lds (n) to 10 would have on the
previous analysis, the AOV is restructured
according to table 9.
Again, the d i f fe rences are not s ign i f i can t ,
indicating that reducing the counting fields to 1 0
would not alter the conclusions of the previous
analysis. This is further supported by the analysis
of the counting method (table I). There is only a
2-percent increase of precision by counting 20
versus 1 0 fields. Therefore, reducing the number
of counting fields to 1 0 seemed justified.
Discussion
In evaluating the sampling variability associated
w i th t he m e m b r a n e f i l t e r enumera t i on
procedure, it was necessary to assure that each
sample was treated identically at all stages of
subsampling. This was achieved by sectioning
the filters into quadrats and establ ishing a
s tandard count ing procedure. With these
modifications, the sampling variability at each
stage of subsampling was statistically evaluated.
Furthermore, it was possible to adequately
reduce field sampling variability at a lake station
by increasing the sampling volume.
The membrane filter procedure is highly suited
for phytoplankton sampling, since all phases of
the procedure are easily manipulated. Therefore,
if excessive variation does occur, and can be
ident i f ied , it can be reduced by mak ing
procedural modifications. The sampling program
developed from this evaluation required only a
few modif icat ions to gain added precision of
population estimates. It requires that: (1) three
1-L samples from a single station in the bay be
pooled to form one large sample, (2) one 200-mL
aliquot be filtered from each sample, and (3) one
quadrat be examined from each f i l ter. This
p r o g r a m i s s u i t a b l e f o r s a m p l i n g t h e
phytoplankton at densities in LVB. It is difficult
to foresee what effect a significant change in
densi t ies would have on the procedure.
However , it seems l ike ly that a uni form
distribution can be maintained on the filter
simply by controll ing the volume of water
f i l te red. This, however , would have to be
determined exper imenta l l y should higher
densities be encountered. By controll ing the
volume filtered, it is expected that this sampling
program could be used effectively to evaluate
most phytoplankton communities.




BASIN, LAKE MEAD, NEVADA
Introduction
Phytoplankton succession, biomass, and primary
productivity were determined to evaluate the
effects of nutrient enrichment. LVW (Las Vegas
Wash) is a nutrient-r ich stream discharging
industrial and sewage effluent from the Las
Vegas metropolitan area into a narrow estuary
at the head of LVB (Las Vegas Bay). LVW is the
only external enriched nutrient source of any
magnitude discharging into Boulder Basin.
Therefore, it was possible to examine the effects

















of nutrient enrichment from virtual ly a single
source on a relatively large body of water.
Materials and Methods
Phytoplankton.-f\L Van Dorn water sampler
was used to collect samples. Each sample was
a combination of three separate 1-L subsamples
col lected from the same site. Samples were
usually taken monthly or biweekly at each of the
s ta t ions . In 1 9 7 2 , the samples were taken
weekly. Phytoplankton enumerations were made
on s a m p l e s u s i n g a m o d i f i c a t i o n o f the
membrane f i l ter technique (McNabb [15] as
described, in the previous section.
Cell volumes.-Phytoplankton volumes were
est imated by determin ing the ave rage ce l l
volumes for 20 of the most important organisms.
The average cell volumes were multiplied by the
cell counts to arr ive at a total phytoplankton
volume.
Chlorophyll.-Pigment analyses were made on
500- to 1000-mL samples f i l te red through
W a t m a n G F /C f i l t e r s . The f i l t e r s w e r e
pretreated with MgC03 (magnesium carbonate).
The chlorophyll was extracted by grinding the
f i l t e r s i n 5 - m L o f a c e t o n e . P i g m e n t
concentrations were determined from formulas
given by Parsons and Strickland [23] using data
o b t a i n e d w i t h a C o l e m a n J u n i o r
spectrophotometer.
Primary production.-Estimations of primary
p r o d u c t i v i t y w e r e b a s e d o n c a r b o n - 1 4
t e c h n i q u e s (S teeman N ie l sen [ 24 ] ) using
modifications of Saunders etal . [25]. Light and
dark bottles (pyrex 1 25-mL) were f i l led with
water collected at the surface and at depths of
1, 3, 5, and 1 0 m. Each bottle was treated with
0.5 jnCi (m ic rocur ie ) of NaH' 4C0 3 (sodium
bicarbonate), suspended from a buoy at the
depth of collection, and incubated for a period
of 4 to 6 hours. After incubation, the samples
were returned to the laboratory in a lightproof
box. The samples were filtered through 0.45-ju,m
micropore filters and the residue on the filters
was washed with 1 0- to 1 5-mL of a 0.005N HCI
(hydrochloric acid), 5-percent formalin solution.
Met r i ce l f i l t e r s were used in July th rough
Oc tobe r 1 9 7 5 , but were found to reduce
counting efficiency by a factor of five times and,
subsequently, were no't used. The filters were
placed in glass or polyethylene scintillation vials
and dried in a desiccator for 24 hours. A xylene
based liquid scintillation solution was added to
the vials and the act iv i ty of the samples was
determined. The act iv i ty of the samples was
converted to milligrams of carbon per unit area
per day us ing the me thods and t ab les o f
Saunders etal . [25]. Daily rates were based on




of the most numerous organisms for April 1 975
through March 1 976 are presented in appendix
II. Phytoplankton numbers were always higher in
the i nne r bay ( s t a t i o n 2) due to n u t r i e n t
enr ichment f rom LVW. Dominant organisms
during the 3 years of investigation were similar,
especially in the summer. Total numbers have
decreased since 1972 and the successional
patterns have changed.
W i n t e r a n d e a r l y s p r i n g ( J a n u a r y - A p r i l )
phytoplankton populations were generally below
300 organisms/mL except at station 2 where
counts over 1 000 organisms/mL were found.
The phytoplankton populations were usually
d o m i n a t e d by d i a t o m s (Cyclotella and
Stephanodiscus)\r\y and chlorophyta
(Chlamydomonas, Carteria, Eudorina. Oocystis,
and Planktosphaeria) in February through April.
The dinof lagel late Glenodinium also became
numerous at this time and was dominant at all
stations in March 1974.
Phytoplankton populations during May through
December were dominated by early summer and
autumnal pulses of diatoms. Fragilaria was
a l w a y s dominan t in May or June and was
succeeded by a Cyclotella pulse in July. In 1972,
samples were taken weekly and it was evident
that the early summer Fragilaria and Cyclotella
pulses originated in the inner bay and expanded
outward in a wavelike manner on succeeding
days throughout the middle and outer bays.
Numbers of organisms declined outward from
the inner bay. Navicula, on the other hand, was
proportionately more numerous with increased
distance from the inner bay and was usually the
dominate organism in July or August at stations
4 to 6 in Boulder Basin. The blue-green algae.
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Anabaena, increased in numbers throughout July
and August (except at station 2 where Cyclotella
remained dominant) and was the dominant
organism in September after the early summer
diatom pulses had declined. An autumnal pulse
of Cyclotella always occurred throughout LVB
and Boulder Basin in October associated with
mixing. The autumnal diatom pulse lasted
through December with numbers of Anabaena
steadily declining.
The early summer pulse of Cyclotella has
d e c l i n e d s i n c e 1 9 7 2 , a n d h a s b e e n
accompanied by an increase in the Anabaena
population. There has also been an increase in
the autumnal pulse of Cyclotella. In 1972, the
early summer pulse of Cyclotella reached a
maximum of over 53 000 cells/mL at station 2;
there was also a well-defined pulse throughout
LVB. In 1974 and 1 975, the early summer pulse
was much smaller (15 000 cells/mL) and
numbers throughout LVB were lower. Total
phytoplankton numbers have decreased since
1972, due mainly to the reduction in the early
summer pulse of Cyclotella. Numbers of
Cyclotella have increased during the autumnal
pulse from 1 500 in 1972 to 5000 cells/mL at
station 4 in 1 975. The highest numbers of
Cyclotel/awere found in October and November
of 1974 and 1975; whereas, the highest
numbers occurred in July 1972. Anabaena has
become increasingly more numerous since
1972 in the outer bay and Boulder Basin. In
1 975. Anabaena was dominant from July
through September at stations 4 to 6. Anabaena
was dominant only in September of 1972 and
1 974 following the early summer diatom pulses.
Phytoplankton bio mass. -Figure 5 shows the
seasonal variations in mean chlorophyll a and
estimated cell volumes at stations 2 and 6.
Station 6 was not sampled in 1972. At station
2, the highest single values for chlorophyll a
(55.49 mg/m3) and cell volume (30.1 mL/m3)
were found in April and May 1 972, respectively.
Both chlorophyll 3'and cell volumes indicate a
reduction in the phytoplankton standing crop
since 1 972, although cell volumes in 1 975 were
higher than those found in 1974.
Phytoplankton volumes were determined for
only the dominant organisms or those organisms
that were very large; therefore, total cell volumes
were underestimated. Although the volumes
were underestimated, they are useful as a
comparative index. The cell volumes do reflect
the higher eutrophic conditions at station 2 due
to nutrient enrichment. The higher cell volumes
found in 1972 and 1975 were mainly due to
Glenodinium and Fragilaria. Cell volumes in
1 974 were low due to the complete absence of
Fragilaria and lower numbers of Glenodinium.
The early summer and autumnal pulses of
Cyclotella had relatively little influence on
biomass determinations; Cyclotella is small and
never comprised more than 1 5 percent of the
total estimated biomass of the phytoplankton.
Anabaena was more important, accounting for
1 5 to 50 percent of the total estimated biomass.
Fragilaria, Glenodinium, Ceratium, and Oocystis
were the dominant organisms on the basis of cell
volumes.
There were two distinct chlorophyll <? peaks. The
first occurr ing in March and April when
phytoplankton counts were low and dominated
by chlorophyta. The second occurred in October
and November during the autumnal Cyclotella
pulse when chlorophyta numbers were
declining. Chlorophyll a was low in July when
Cyclotella numbers were high. There was no
evident relationship between chlorophyll a and
phytoplankton numbers.
Chlorophyll content per unit cell volume is
dependent on a number of factors, such as
species type, physiological s ta te of the
phytoplankton, and environmental conditions
(Vol lenweider [2 6J). High cell volumes
corresponded with high chlorophyll a only in the
late summer and fall, a situation also described
for Lake Erie (Munawar and Burns [27J). The
highest chlorophyll ^concentrations per unit cell
volume occurred in the spring (table 1 0). The low
chlorophyll a concentrations in the summer are
possibly due to high light intensity, high water
temperatures, and low nutrient concentrations at
the surface.
Primary production.-Primary productivity was
highest at station 2 (table 1 1) as were the other
phytoplankton parameters. Generally, there was
a reduction in productivity outward in LVB with
the lowest productivity at station 6 in Boulder
Basin. Seasonally, the highest productivity
occurred in August and September, ranging from
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Figure 5.-Mean chlorophyll a and cell volumes at stations
2 and 6.
Table 10.—Mean chlorophyll "a"concentrations

















































carbon per square meter per day) at station 2 and
from 3000 to 6000 (mgC/m2)/d at station 6.
Product iv i ty general ly increased from Apr i l
through September with a substantial reduction
i n O c t o b e r . D u r i n g t h e w i n t e r
(December-February), productivi ty remained
r e l a t i v e l y h i g h , r a n g i n g f r o m 7 8 0 t o
2300 (mgC/m2)/d. Productivity was extremely
high at all stat ions with means ranging from
8300 (gC/mVd) at station 2 to 2600 (gC/m2)/d
at station 6 (table 12).
Nutrients.-Phosphorus, nitrogen, and alkalinity
concentrations in LVW, LVB, and Boulder Basin
during April 1975 through February 1976 are
presented in appendix I. Table 13 summarizes
total phosphorus and nitrite plus nitrate nitrogen
(nitrate-N) concentrations for 1972, 1974, and
1975. In 1972, nitrate-N was determined only
in September and October. LVW discharges
a p p r o x i m a t e l y 800 kg phosphorus/d and
1 1 00 kg nitrogen/d into LVB. There has been an
increase in nitrate-N since 1974.
Total phosphorus levels were extremely variable
in LVB and there was not an evident seasonal
pattern. In Boulder Basin (station 6), which was
not directly influenced by LVW, total phosphorus
r a n g e d f r o m a p p r o x i m a t e l y 22 jig/L in
December and January to 1 0 ju.g/L in August
and September. Vertically, total phosphorus was
uniformly distributed or was slightly lower in the
metalimnion. At stations 2 and 3, higher levels
were found in the metalimnion due to the density
current from LVW. There was never a depletion
in epilimnetic concentrat ions during summer
stratification.
Sur face n i t ra te-N at s ta t ion 6 ranged f rom
a p p r o x i m a t e l y 300 /u,g/L in J a n u a r y and
February to 20 jug/L during the summer. At all
stations there was a depletion of epilimnetic
nitrate-N during summer stratification (table 8).
Surface nitrate-N increased in October due to
m ix i ng wh i ch r e s u l t e d in d i s t r i b u t i o n o f
hypolimnetic nitrate-N throughout the water
column.
Correlation analysis.-Correlation coefficients for
phytoplankton parameters and nutrients (total
phosphorus and nitrate-N) are presented in table
14. Cyclotella was significantly correlated with
total phosphorus and nitrate-N, and 57 percent
of the variance in the Cyclotella population can
17
Table 11 .—Monthly primary productivity in Las Vegas Bay and Boulder Basin,
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Table 12.—Mean daily and total primary
productivity in Las Vegas Bay





















be explained by total phosphorus and nitrate-N.
Anabaena was nega t i ve ly cor re ated wi th
ni t rate-N due to its occur rence only in the
summer when nitrate-N was depleted from the
epilimnion. Chlorophyll aand cell volumes were
correlated only with tota phosphorus. Primary
productivity did not correlate with either total
phosphorus or nitrate-N. Primary productivity
was positively correlated with chlorophyll a and
cell volume. Primary productivity and standing
crop are usually not highly correlated and other
investigators have reported inverse relationships
between productivity rates and standing crop
( F i n d e n e g g [ 2 8 ] , G o l d m a n e t a l . [ 2 9 ] ,
Margalef [30], Verduin [31], Vollenweider and
Nauwerck[32].
Discussion
Early summer and autumnal pulses of diatoms
a r e f r e q u e n t o c c u r r e n c e s i n l a k e s
(Hutchinson [33]) and Cyclote/la is a common
organism demonstrating this pattern. Olsen [34]
found an early summer and autumnal pulse of
Cyclotella'm Canyon Lake, Ariz., which is similar
t o L a k e Mead i n c l i m a t i c and c h e m i c a l
cond i t ions, a l though it is much smal le r . In
Boulder Basin, the early summer Cyclotella pulse
is restricted to LVB where there is an external
nutrient source, LVW. The autumnal pulse is
a l w a y s a s s o c i a t e d w i t h c o o l e r w a t e r
temperatures and mixing.
The dominance of Anabaena, a possible nitrogen
fixer, during late summer would suggest that
n i t rogen is l im i t ing at t ha t t ime, a l though
King [35] and Shapiro [36] have shown that this
fact alone is not conclusive evidence of nitrogen
limitation. The vertical distribution of nutrients
involving summer depletion in the epi l imnion
further suggests that nitrogen may be the most
impor tant l imit ing nutr ient . During summer
s t ra t i f i ca t ion , ni t rate-N is depleted from the
epilimnion and significantly higher levels occur
in the hypolimnion. Therefore, mixing results in
increased nitrogen availabil i ty in the euphotic
zone. This may be the most important factor
beh ind the au tumna pu lse of Cyclotella.
Dissolved sil ica remained high (> 8 mg/L)
throughout the summer (USGS [37]) and is,
therefore, not a limiting factor. Phosphorus is
uniformly distributed or shows a slight decrease
below depths of 1 0 m and mixing does not result
in higher phosphorus levels. If the autumnal
pulse is due to higher levels of nutrients, nitrogen
would appear to be the controlling factor. The
N/P (nitrogen to phosphorus) ratios also show an
excess of phosphorus (table 1 5). The N/P ratios
are significant because the ratio in living systems
is about 8; t he re fo re , when the N/P ra t io
exceeds 8, more nitrogen is present than can be
utilized and, conversely, when the ratio fa l ls
below 8 the re is an e x c e s s i v e amoun t of
phosphorus (Verduin [38]). The N/P rat ios
indicate that nitrogen is in short supply for most
of the year in the inner bay and dur ing the
summer in the outer bay.
Phosphorus inf low from LVW has increased
since 1 972 from a mean daily rate of 525 kg/d
to 792 kg/d in 1975. The phosphorus inflow
from LVW is extremely high when considering
the Colorado River, which has 200 times the
volume and discharges only 950 kg/d into Lake
Mead. Total phosphorus loading for Boulder
B a s i n ( 1 . 9 4 4 g/m2 pe r y e a r ) i s in the
"dangerous" level proposed by Vollenweider
and Dillon [39]. A reduction in the phosphorus
inflow from LVW to 360 kg/d would result in a
"permissible" loading rate in Boulder Basin.
Nitrogen inflow from LVW in 1974 and 1975
was a p p r o x i m a t e l y 1 100 kg/d. N i t r o g e n
concentrations were not determined for LVW in
1972.
A l t hough nu t r ien t i n f l ow has i n c r e a s e d ,
p h y t o p l a n k t o n numbers and b iomass have
decreased since 1 972. This may be directly
related to lake elevations. In 1972, the water
level was about 6 m lower than it was in 1 974
and 1975. The higher water levels increased the
volume of the inner LVB alone by approximat ely
50 x 1 06m3. The increased volume would result
19



































































































Total-P = Total phosphorus.
N03 = Nitrite plus nitrate nitrogen.
Number in parenthesis = 1 standard deviation.
* Mean values during summer stratification June-September.
Table 14.-Correlation coefficients for Cyclotella, Anabaena, chlorophyll "a,
cell volume, and primary productivity
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Log 10 Anabaena #

































































* Significant at the 0.05 level,
t Indicates number.
Table 15.—Nitrogen (nitrate-N and ammonia-N)
to phosphorus (dissolved phosphorus)
ratios for Las Vegas Bay, stations 2 to 4
























































in a greater dilution of the LVW influent, thereby
decreasing the availability of the nutrients to the
phytoplankton.
The trophic classification of Lake Mead has
received considerable attention in the past few
years. Phytoplankton species indices have been
discussed by Staker etal. [40]. These indices
have given results ranging from polluted
eutrophic to oligotrophic. Everett [1 0], based on
Rodhe's[41] primary productivity categories,
classified Boulder Basin as a polluted eutrophic
body of water. Primary productivity estimates in
this study are similar to Everett's and, in addition,
show very high product ion in LVB. Since,
Evere t t ' s and these p r imary p roduc t i v i t y
estimations were based on total day length
result ing in an overestimation of p r imary
21
ructivity and not on daily intergrated light
r-sity, the use of Rodhe's criteria to Boulder
; -i is inappropriate. In addition, Rodhe's
;sification is based on temperate lakes and
.-; not take into account the extended growing
;on in a subtropical lake and, therefore, is
:ably not appropriate to conditions in Lake
~1. The higher primary productivity estimates
-'3 do reveal the extremely fertile conditions
:h have resul ted because of nu t r i en t
nment from LVW. Primary productivity in
. cer Basin appears to be comparable to other
: cal or subtropical lakes (Tailing [42],
•~:on and D o 11 i n g e r [ 4 3 ], Melack and
--^ [44]), and conditions in Boulder Basin are
-e fo re not as serious as Everett stated.
. :er Basin is considered to be mesotrophic
-.~ on primary productivity estimations.
enweider [26] proposed the following






3 to 5 mL/m3
10 mL/m3
: assification is also primarily based on
:e-ate lakes and must be used with some
-.ations when applying it to conditions in
.- Vlead. Using this classification the inner
:~ of LVB is highly eutrophic with the rest
:_ider Basin being in the mesotrophic range
•• I- 5).
?z'< of appropriate indices for subtropical or
: = . lakes makes it difficult to classify Lake
-. In general, Boulder Basin appears to be
::-ophic with the inner portion of LVB




-•-. " -ary investigations in 1 974 showed peak
::'.', a - k t o n c o n c e n t r a t i o n s w i th in the
~-.-'. ~-,'on of Lake Mead's Boulder Basin. A
: " --- : rcumstance had previously been noted
:- I ~ 3 o i r o [ 4 5 ]. who c o n c l u d e d t h a t
::;-. a ~ < t o n w e r e a ma jor f a c t o r in the
meta l imne t i c oxygen deplet ion of Lake
Washington. This report is the result of a 1-year
study of the zooplankton community of Lake
Mead. Its.purpose was to determine if any
unique d i f f e rences ex is ted between the
zooplankton community of Lake Mead and other
limnetic communities.
Seasonal succession, species composition,
vertical distribution, and specific depth affinities
of the zooplankton community were examined.
These data were compared to those of other
investigators wherever possible.
Methods and Materials
Zoop lank ton samples were co l lec ted at
approximately 2-week intervals from June
through October and at monthly intervals for the
remainder of the year. Station 5 was selected as
the permanent sampling location for these
collections. This station is located in close
proximity to the intakes of the Alfred Merrit
Smith water treatment plant. The water depth
increases sharply from the shore to a depth of
65 m. This allowed for very little contamination
of the sample with littoral organisms. Easy
access to and from Lake Mead Marina was also
favorable to the selection of this station, as many
samples were taken over a 24-hour period.
Samples were taken at 5-m intervals from the
surface to a depth of 45 m with a portable water
pump. Tonolli [46] recommended this type of
device where large numbers of samples need to
be taken in a short period of time. The pump-type
sampler has been shown to successfu l ly
minimize damage to plankton samples used for
identification purposes (Aron[47]). It was also
shown to have zooplankton fishing abilities equal
to a conventional plankton tow net (Icanberry
and Richardson [48]).
Summer samples were collected with a Sears
Model No. 563.2692 d-c powered pump having
an average flowthrough velocity of 8 L/min. The
winter samples were taken using a 1.5-hp
gasoline-driven pump with an average velocity of
1 2.5 L/min. Both pumps were attached to a
heavy-duty, reinforced rubber hose. The bottom
of the hose was weighted with a plexiglass plate
designed to keep the hose vertical and to allow
an even draw from a narrow, horizontal band.
22
From each depth, 40 L of lake water were
;ered through a No. 20-mesh, nylon, plankton
-rret (76-ju,m mesh). Samples were immediately
preserved in a 5-percent formalin solution.
Counting and identification of the plankton was
d o n e on a W e t z l a r Mode l No. 6 0 0 1 1 2
compound stereo microscope. Taxonomic
ident i f icat ions were based on C o k e r [ 4 9 ] ,
Davis [50], Edmondson [51], Gurney [52, 53],
Marsh [54], and Pennak [55]. All organisms
were identified as to genus and species when
possible. One-milliliter subsamples were placed
in an open Sedgewick Rafter counting cell. All
organisms in five such aliquots were tallied. This
represented 5 to 1 0 percent of the summer
samples and 1 0 to 20 percent of the winter
samples. With the exception of eggs, organisms
less than 50 jum in diameter were not counted
(i.e., ciliates and zoo-flagellates).
Results and Discussion
The limnetic zooplankton community of Boulder
Basin was dominated by Rotatoria, Cladocera,
and Copepoda. Other organisms such as ciliates,
zoo-flagellates, insect larvae, and water mites
were of ten found ia the samples, but their
"umbers were usually very low. One species of
Jiff/ugia, a protozoan, was very abundant in the
May 8 samples. The sample was accidentally
discarded and verification of the counts cannot
be made. Except for a small number of Difflugia
in the mid-July sample, these organisms have not
reappeared.
Rotifers.-The rot i fers are represented by 1 2
genera, 5 of which were classi f ied as major
components of the community, and are listed in
table 16. While one or more of the following
seven genera were often present in the samples,
no single genera ever represented more than 5








CY<3ctocer<3.-Three genera of cladocerans were
ident i f ied f rom the samples. The f i r s t two,
Daphnia and Bosmina, were considered to be
truly limnetic organisms, but the third genus,
Alona, is more typ ica l l y a l i t t o ra l organism
(Pennak [ 5 5 ] ) . A l l Daphnia were grouped
together, but tentative identification indicates
three species may be present. For Bosmina, only
one species was found, B. longirostris.
Copepoda.-The l i m n e t i c c o p e p o d s are
represented by four species, two in the order
Cyclopoida (Cyclops bicuspidatus thomasi and
Mesocyclops edax) and two in the order
Calanoida (Diaptomus clavipes and Diaptomus
sici/oides).
Seasonal succession.-A review of the literature
indicates that zooplankton may have one, two,
or three seasonal periods of abundance. These
high and low periods may be caused by physical,
chemical, and/or biological conditions, with a
combination of these usually occurring. Single
species show different cycles from lake to lake
and may even show differences from year to year
in the same lake. These seasonal variations seem
to change the community makeup at the species
level only. Pennak [56] found that at any given
time a typ ica l zooplankton communi ty is
dominated by one copepod, one cladoceran, and
two to four numerically dominant rotifers.
The zooplankton of Lake Mead show varying
patterns of seasonal succession. Table 1 7 shows
the number of organisms of each major group
occur r ing in the samples f rom May 1 9 7 5
through April 1976. The population of each
group shows r e l a t i v e l y high numbers o f
i n d i v i d u a l s d u r i n g J u n e / J u l y ,
October/November, and January/February.
Although three peak periods occur in the lake,
analysis of the community by each species
shows that the majority of the organisms are
either dicyclic or monocyclic.
As mentioned earlier, the rotifer population of
Boulder Basin was best represented by five
genera, each of which was the dominant rotifer
on one or more of the dates sampled (table 1 6).
Asplanchna was dicycl ic, being abundant in
June and January. The number of organisms in
t h e w a t e r c o l u m n w a s 3 2 0 0 0 0 a n d
150 000/m2 of surface area, respectively. The
counts for January may be conservative due to
the presence of Syncheata, which was very
abundant. Syncheatawas present in all stages of
development from newly hatched individuals to
23
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Kerate//a—Jota\f K. quadrata and K. cochlearis.





























































































large saclike adults. This latter form is very similar
to a smal l saccate form of Asplanchna. The
major i ty of Asplanchna were of a very large
c a m p a n u l a t e fo rm ( tw ice the s ize of adu l t
Syncheata),'but a quantitative reexamination of
January samples showed a small number of
s a c c a t e Asplanchna to be p r e s e n t . I t is
interesting to note that the June population also
c o n t a i n e d a l a r g e c a m p a n u l a t e f o r m o f
Asplanchna. G i l b e r t [ 5 7 ] r e p o r t s t h a t
Asplanchna sieboldiw\\\y increase in size
in the presence of any large prey species. High
numbers of Syncheata in J a n u a r y and of
Keratella and Polyarthra in May and June
represent an adequate food for the Asplanchna
and may have given rise to this large form.
Syncheata was a b u n d a n t in J a n u a r y and
reached a density of 320 organisms/L at the
1 0-m depth. While this seems to be a very high
figure, Pennak [55] reports finding single rotifer
spec ies at densi t ies in excess of 5000/L.
Syncheata was a lso abundan t in July and
November, suggesting that the species may be
tricyclic. However, the November peak results
f rom ha t ch i ng of res t i ng -s tage eggs. This
gene ra t i on then goes on to reproduce
a m i c t i c a l l y , - r e a c h i n g i ts peak in Janua ry .
Therefore, the apparent tricyclic occurrence of
Syncheata is actually dicyclic. The phenomenon
of diapause or resting stages is discussed in
detail in the subsection on Diapause.
Two species of Keratella were identified from
the samples . Keratella cochlearis was the
dominant species, being present in all of the
samples and responsible for the peaks in May
and December. Keratella quadrata was present
in lower numbers, and was found only during
per iods o f peak z o o p l a n k t o n a b u n d a n c e
(June/July, October, and January).
Collotheca seems to be dicyclic, having peaks
in March and July. Polyarthra also appears to be
dicyclic, although its peaks occur in January and
May. It is difficult to determine if the fluctuations
in the Polyarthra population between June and
December are truly cyclic responses. A third
peak may have occurred in October, although
numbers were much lower than those found in
January and May.
Of the five genera of rotifers discussed, none
seem to have both of their dominant periods in
the same 2 months. There was some overlap in
midwinter, but the late spring or early summer
populations were spread over a 3-month period
(table 18).
The two limnetic cladocerans were monocyclic
with their peak populations being out-of-phase
(table 1 9). Daphniahad its maximum abundance
in June and Ju ly , whi le Bosm/nawas most
a b u n d a n t in N o v e m b e r , D e c e m b e r , and
February. It is common practice when counting
organisms for quantitative analysis to neglect
fragments or incomplete specimens. Ephippial
stages of Daphnia were extremely abundant in
the s u r f a c e f i lm s ta r t i ng in February and
continuing into May. This stage contains resting
eggs attached to the valve or carapace of the
adult. The valve separates from the rest of the
organism at the next molt. The ephippia then
float to the surface and concentrate in windrows
as a resu l t of su r face winds and Langmuir
c i rcu lat ion. This makes it d i f f icu l t to get a
quantitative estimate of their numbers. It was
noted that zooplankton samples from March and
Apr i l conta ined a large number of Daphnia
heads. Assuming that each head represented an
adult Daphnia that had g iven rise to an
ephippium, one could add these counts to the
population and possibly obtain a better estimate
of the actual population density of Daphnia.
There were 67 000 heads/m2 in the water
column in March. The total Daphnia in the water
c o l u m n w a s e s t i m a t e d a s 4 8 0 0 0
individuals/m2. Summing these two figures, the
total Daphnia population for March appears
closer to 1 1 5 000 individuals/m2. For April, the
heads totaled 1 1 2 500/m2 and the Daphnia
t o t a l ed 1 2 1 000/m2 . Th is would g ive an
ad jus ted populat ion es t imate of 233 500
individuals/m2 . These ad jus ted populat ion
est imates for Daphnia appear to be more
accurate than those listed for March and April
(table 1 9).
Table 18.-Periods of peak abundance of the




































































































































































































































The copepod population had three periods of
abundance. The summer period was marked by
3 months of relatively high numbers (table 20).
This was due to an exchange of dominance
between the two cyclopoid copepods. The other
t w o d o m i n a n t p e r i o d s o c c u r r e d in
October/November and March/April. All three
periods had a different species composition.
The p r e d a c e o u s c y c l o p o i d , Cyclops
bicuspidatus thomasi, (McQueen [58]) was
monocyclic, remaining dominant from February
into July. Dur ing the month of July i t was
r e p l a c e d b y a n o t h e r p r e d a t o r y s p e c i e s ,
Mesocyclops edax ( C o n f e r [5 9]). M. edax
remained the dominant cyclopoid from July
through December.
The two species of Diaptomus, D, clavipes and
D. siciloides. never obta ined the numer ical
dominance of the cyclopoids. D. siciloides
reached its highest population in November,
when it represented over 30 percent of the adult
copepod community. This was more than five
times the numbers reached by either Cyclops
bicuspidatus thomasi or D. clavipes.
D. s/ci/oideswas dicyclic, first appearing in July
and reaching its peak population in November;
another peak appeared in March. The samples
for June 1 6 and July 31 will be reexamined to
determine what percent of the Diaptomus
population was actually D. siciloides. This will
a lso al low for a better in terpretat ion of the
D. clavipes popu la t ion , which at this t ime
appears to have no real period of abundance.
In general, copepods have six nauplii instars, five
juvenile instars (copepodids). and a single adult
stage. The Diaptomus nauplii and the Cyclopoid
nauplii were grouped together in the counts.
Vertical m/grat/on.-D\\jrna\l migration of
z o o p l a n k t o n i s a w e l l - k n o w n a n d
w e l l - d o c u m e n t e d p h e n o m e n o n .
Hu tch inson [ 3 3 ] desc r i bes th ree types o f
vertical migration: (1) nocturnal migration, with
a single maximum in the upper stratum at night,
(2) twilight migration, with a maximum at dawn
and dusk, and (3) reverse migration, with one
maximum at the sur face at midday. Possible
explanations for the causes of the migrations
include light, temperature, pH, conductivity, and
predator avoidance. Pennak [60] concluded
light to be the single most important factor.
The vertical range of the migration varies from
s p e c i e s to s p e c i e s and f rom lake to l a k e .
Campbell [61] found that physical and chemical
factors in Douglas Lake were able to restrict the
range of migration. He noticed that as the zone
of hypolimnetic oxygen depletion increased
during the summer, the rotifer population was
constricted into the upper 1 5 m of the water
column.
T h e r o t i f e r p o p u l a t i o n o f B o u l d e r Bas in
undergoes v e r t i c a l m i g r a t i o n dur ing both
thermally st rat i f ied and unstrat i f ied periods.
Staker [62] found the average range of Keratella
coch/earisand Polyarthra\n Boulder Basin during
January to be 4.8 and 2.6 m, respectively. These
amplitudes of vertical migration agree with those
discussed by Pennak [55] . He states that
ampl i tudes of 1 to 3 m are common, wi th
amplitudes of 8 to 1 0 m being very unusual.
George's and Fernando's [63] results disagree
with Pennak's average. Their report covered a
1 - y e a r p e r i o d a n d s h o w e d t h e v e r t i c a l
amplitudes to vary between summer and winter.
The data they present shows Po/yarthra vulgaris
to migrate 1.8 to 4.8 m in February, 3.0 to 4.1 m
in April, 7.0 to 1 0.0 m in June, 3.0 to 8.6 m in
July, and 4.8 to 8.4 m in August.
The Lake Mead population of Polyarthra shows
similar patterns to those listed above. Figure 6
shows the vertical profiles of Polyarthra for three
consecutive samples. The vertical amplitudes in
May and June were about 5 to 1 0 m and similar
t o t h e r e s u l t s r e p o r t e d b y G e o r g e a n d
Fe r n a n do [ 6 3 ]. In J u l y , w h e n t h e r m a l
stratification was well established and an oxygen
minimum was present in the meta l imn ion ,
Polyarthra was restricted to the upper 20 m of
the lake, possibly because of the low oxygen
concentrations.
Thermal stratif ication appears to have an effect
on the vertical distribution of other rotifers in
Boulder Basin (fig. 7). Both winter and summer
Asplanchnapopulations had high concentrations
in the upper 1 0 m of the water column. The
summer population was more or less restricted
to th i s r e g i o n , bu t the w i n t e r p o p u l a t i o n
extended down to a depth of 35 m. Collotheca
27
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Figure 6.-Vertical distribution of Polyarthra at station 5,
Boulder Basin.
also showed a different profile for winter and
summer . Whi le summer popu la t i ons o f
Co//otheca showed highest concentrations in the
top 10m, it was rare to find any of this genera
above 10 m during the winter. This rotifer is
encased in a muci laginous sheath and is
considered to be a poor swimmer. Winter
populations appeared to have a considerable
amount of detritus and part iculate matter
adhered to this sheath, more so than that found
on the summer organisms. Syncheata showed
vertical distribution similar to that of Asplanchna.
Organisms were concentrated in the top 1 0 m,
extending down to 20 m in the summer. Winter
populations ranged from 5 to 45 m, with the
concentrations being highest at 15m.
Vertical profiles for the cladocerans are shown
in figure 8. Accurate values for the vertical
amplitude are difficult to obtain with samples
taken at 5-m intervals. Staker [62] reported that
Bosmina migrated 4.7 m. While figure 8 shows
some poss ib le migra t ion, the bulk of the
population remains between 1 0 and 20 m. The
sunrise sample indicates that the bulk of the
population may have been between sampling
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D E C E M B E R J U L Y
Figure 7.-Vert ical d istr ibut ion of winter and summer
populations of three rotifers at station 5, Boulder Basin,
sunset samples.
summer and winter profiles (fig. 9) similar to the
rotifers.
The vertical amplitudes of migration for the
copepods is generally believed to be much
greater than that of the rotifers and about equal
to that of the cladocerans. Staker concluded that
the copepods of Boulder Basin did not migrate
during the winter. His data did not report any
breakdown of mstars of these copepods.
Marshall and Orr [64] report that the juvenile
ins tars of the mar ine copepod, Calanus
finmarchicus, showed different vertical ranges
and patterns from those of the adults for both
winter and summer populat ions. This was
evident in the summer populations of copepods
from Lake Mead. A comparison of copepod
nauplii, cyclopoid copepodids I-V, and C. b.
thomas/from early July showed the vertical
migration to be increasing with each group,
respectively, with the nauplii undergoing the
least amount of vertical change (fig. 10).
Data from the July 31 sample shows a different
pattern. C. b. thomas/bad its highest density for
the s u n s e t s a m p l e at a dep th of 15 m.








MIDPAY S U MS ET Ml D N I G H T S U N R I S E
0
o/i







3 0 - -
40-
B OS M INA ( JU L Y I 7)
Figure 8.-Vertical migration of cladocerans at station 5, Boulder Basin.
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cladoceran populations, sunset samples, s ta t ion 5,
Boulder Basin.
copepodids, and Cyclops bicuspidatus thomasi at station
5, Boulder Basin, July 1 975.
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concentrations at the surface at this time. The
cyclopoid copepodids showed a peak at each of
these depths, indicating different patterns for
these two species (table 21).
Diaptomus populations were generally low, but
a comparison of the winter and summer profiles
indicated that a more confined distribution exists
during thermal stratification (fig. 1 1). Comita and
Anderson [65] report a similar observation. They
found more diaptomids in the epilimnion than in
the hypolimmon of Lake Washington during
times of thermal stratification.
Depth affinities.-figures 6 through 1 1 depict
ve r t i ca l d is t r ibut ion re la t ive to ver t i ca l
migrations, but they also illustrate the preference
of these organisms for specific zones of the
water column. The rotifers showed summer
concentrations restricted to the upper 20m. The
cladocerans and copepods showed a preference
for the 1 0- to 25-m layer during summer
stratification. Marshall and Orr[64J attempted
to explain this preference as it applies to
copepods which migrate into and through this
layer. They suggest that vertical migration is a
means by which the animal can sample fresh
layers of water, and these organisms may be able
to stop at layers where optimal conditions exist
(e.g., food and light).
In general, the herbivorous members of the
zooplankton community show a definite affinity
for the metalimnion during summer stratification
(fig. 1 2). These data show that the zooplankton
do maintain a substantial population within the
metalimnion during thermal stratifications.
Diapause.-Brief mention of resting stages has
been made in this report. The occurrence of this
phenomenon is known for a variety of common
freshwater zooplankters. Some organisms
develop resting eggs, while others may have
cystlike stages similar to pupal stages of insects.
The ability of an aquatic organism to exist in a
dormant state is generally considered to be a
successful adaptation to its environment. This
would allow the species to withstand periods of
stress such as summer drought, anoxic water
conditions, and cold winter periods of low food
availability. Species from each major group of
zooplankton from Boulder Basin have been
found to exhibit some type of resting stage.
In the rotifers, both Syncheata and Polyarthra
were found hatching from resting stage eqqs
Resting eggs of Syncheata first appeared in the
October 30 samples, with higher numbers being
found in the November 1 9 samples. Vertical
oxygen profi les showed that rapid mixing
occurred during the October/November period
The water column was completely mixed from
surface to a depth of 1 6 m on October 1, to
20 m on October 15, to 29m on October 30,
and to 40 m on November 1 9. This mixing
resuspended these eggs into the water column
where they developed into the adult forms. The
resting egg is different from the summer egg of
Syncheata, having a thicker outer wall and
numerous spines. Pennak [55] gives diagrams of
common rotifer resting eggs, illustrating these
characteristics.
Polyarthra first indicated the presence of a
resting stage on July 1, when an apterous form
without the paddlelike appendages was found.
Edmonson [51] reported this form to be
Polyarthra developed from a resting egg. It is so
unique that taxonomists had originally separated
it into a separate genus, Anarthra, Many resting
eggs and the above-described apterous forms
were found in the April samples. These resting
eggs of Polyarthra also show a thicker wall and
numerous shell spines.
Resting eggs from other rotifers in Boulder Basin
have not been found.
Daphnia resting stages are commonly called
ephippia, named so for the resemblance to a
saddle. After formation, the ephippia separates
from the adult with the next molt. These ephippia
usually contain one to three resting eggs (usually
two). Stress [66] reports both photoperiod and
water temperature to be controlling factors for
the development and release of diapause m
Daphnia. Daphnia ephippia were found m the
May 1 975 and the February through April 1 976
samples.
Bosmina did not show a resting stage in the
samples, but diapause may play an important
role in its life cycle. Bosmina and Daphnia
populations occur at different times of the year
in Boulder Basin. The fact that Daphnia goes into
a do rman t s ta te may a l low the Bosmina
30
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population to become abundant. Hammer and
Sawchyn [67] concluded that this type of
reproductive segregation permits the use and
exploitation of an environment by organisms that
could not coexist if their reproductive cycles
were the same.
Reproductive segregation due to diapause also
occurs in the copepods. Cyclops bicuspidatus
thomasi and Mesocyclops edax occur at
d i f fe ren t t imes of the year , s imi lar to the
cladocerans. C. b. thomasigoes into a cyst stage
in its fourth instar or copepodid. Cysts of this
species were first recorded by Birge and Juday
in 1 908. Cole [68] found these cysts in anoxic
waters rich in H2S (hydrogen sulphide) and
showed them to be insens i t i ve to va r i ous
respiratory poisons (NaCN (sodium cyanide),
NaN3 (sodium nitrate), and idoacetic acid).
It is not known if Mesocyclops edax has an
encysted stage, but Smyly [69] reports cysts of
the f i f t h ins tar of Mesocyclops leuckarti.
Coker [49] reports these two species to be
closely related, with M. edax being the most
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Figure 1 1 .-Vertical distribution of early copepod stage,
winter and summer populations, sunset samples, station
5, Boulder Basin.
g e n u s a n d M. Ieuckerti t h e g e n e r i c
representative for European waters.
Cole [70] concluded that the resting stage of
Cyclops bicuspidatus thomasi may make it
possible for it to coexist in the same lakes with
Mesocyclops edax. They common ly occu r
together in North America, with M. edax usually
abundant in the summer plankton, while C. b.
thomasi cysts are abundan t in the bot tom
sediments.
Resting eggs have been found for a few species
of Diaptomus, but no resting cysts have been
reported (Cooley [71 ]). Diaptomus clavipes and
Diaptomus siciloides were first reported from
Lake Mead by M i l d r e d s . Wi l son in 1 9 5 5
(Cole [70]). This association is known from other
lakes in this region. Cole reports finding these
two species together in large impoundments of
the Salt and Gila Rivers of Ar izona. He also
reports them from a small, newly impounded
stock tank in that State. Resting eggs have not
been found for either species of Diaptomus
from Lake Mead.
45-1,
L E G E N D
O - DA P HN IA A - C O P E P O D N A U P L I I
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Figure 1 2.-Depth of maximum density for zooplankton grazers at station 5, Boulder Basin, May 1 975 to March 1 976.
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METALIMNETIC OXYGEN
DEPLETION IN LAKE MEAD
Introduction
Meta l imnet ic wa te rs of Lake Mead show a
reduction in D.O. (dissolved oxygen), resulting in
a negat ive heterograde oxygen profi le. This
condition in Lake Mead was first reported by
Hoffman et al. [ 1 ]. A negat ive heterograde
oxygen profi le was evident in 1 9443 and low
meta l imnet ic oxygen levels probab ly have
occurred since the formation of the lake. Data
col lected have shown that : (1) metal imnet ic
oxygen depletion has been a regular occurrence
since 1 972 , (2) oxygen deplet ion is a lways
associated with the thermocline, (3) depletion
b e g i n s i n M a y a n d c o n t i n u e s t h r o u g h
September, and (4) hypolimnetic oxygen levels
remain high with only minimal oxygen loss during
summer stratification.
Midwater oxygen minimums have been related
to three poss ib le causes (Shap i ro [45 ] ) :
(1) hor izontal movement of low oxygenated
water due to sediment uptake from a midwater
shelf, (2) density current flows low in oxygen, and
(3) oxygen consumption .in situ due to biological
respiration. The first of these probably does not
occur in Lake Mead. There is not an obvious shelf
p resent and the oxygen min imum a l w a y s
develops at the same depth independent of the
lake e levat ion. Density currents have been
reported for Lake Mead (Smith et al. [72]). These
currents were usually found in the hypolimnion
and not in the metalimnion where the oxygen
minimum occurs. Hypolimnetic density currents
in Lake Mead, if high in D.O., may increase the
oxygen levels in the hypolimnion, but do not
directly cause the midwater oxygen minimum as
E l l i s [ 7 3 ] conc luded f o r E l e p h a n t But te
Reservoir, N. Mex. Midwater oxygen minimums
due to b i o l o g i c a l r e s p i r a t i o n have been
attr ibuted to seston layering, bacteria, and
zooplankton. The vertical distribution of bacteria
was examined in 1974. Bacterial counts were
low and could not account for the oxygen
depletion in the metal imnion. A pre l iminary
i n v e s t i g a t i o n of the zoop lank ton in 1 974
revealed high concentrations in the metalimnion.
Phytoplankton respiration was also suspected as
a possible cause. The vertical distribution of both
zooplankton and phytoplankton was examined to
determine whether their resp i ra t ion could
account for the metalimnetic oxygen depletion.
Methods
The methods for the collection and counting of
zooplankton and phytoplankton have been given
in the "Experimental Methods" and "Methods
and Materials" sections of this report.
To obtain the total amount of oxygen lost from
this area, it was necessary to determine both the
amount of oxygen "visibly" lost and the amount
o f o x y g e n b e i n g t r a n s p o r t e d i n t o t h e
metalimnion through eddy currents. The amount
o f o x y g e n b e i n g t r a n s p o r t e d i n t o t h e
meta l imn ion th rough eddy d i f f u s i v i t y was
computed from the following transport equation
(Ruttner[74]):




= the quantity of oxygen Q
transported across a given
area a of a horizontal plant
(1 2.5 m) in some period of
time t.
— the eddy diffusivity or mix-
ing rate.
= the difference in oxygen con-
centrations across this plane,
the distance between £?,
and C2.
(A practical application of this method is given
in Verduin [75]).
Eddy diffusivity in cmVs was determined from
the above transport equation using temperature
da ta , w h e r e Oat was the a m o u n t o f heat
transported across this plane. The observed or
"visible" oxygen lost was computed as follows:
Bureau of Reclamation, unpublished data.
mean loss of oxygen for some period
Visible oxygen lost = ; -r~, :—r r—:
yu number of days in the period
The quantity of oxygen "visibly" lost plus the
q u a n t i t y o f o x y g e n t r a n s p o r t e d in to t he
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metalimnion equaled the total amount of oxygen
to be accounted for.
Calculat ions for the oxygen consumption of
phytoplankton and zooplankton were computed
for the metalimnetic populations (depths from
1 0 to 30 m) based on reported respiration rates
for these organisms. Daily respiration for the
m a j o r c o m p o n e n t s o f t h e z o o p l a n k t o n
community (table 22) were determined from
Comi ta [76 ] , Baudouin and Ravera [77],
Shapiro [45], Bishop [78], Vollenweider and
Ravera [79], Richman [80], Scherbakoff [81 ],
M a r s h a l l a n d O r r [ 6 4 ] , S c h i n d l e r a n d
Noven [82], and Kibby [83]. Phytoplankton
respiration was determined for estimated cell
volumes. A respiration rate of 74g/L of algae
pe r day , c a l c u l a t e d f r o m da ta g i ven in
Verduin [75], was used for phytoplankton
respiration.
Results and Discussion
The vertical distribution of zooplankton has been
discussed in the previous section of this report.
High c o n c e n t r a t i o n s o f c o p e p o d s and
cladocerans were always found in the zone of
oxygen depletion as shown in figure 1 3 and total
numbers a lways dec l ined below 30 m. In
general , peak zooplankton concent ra t ions
remained within the metalimnion over a 24-hour
period. This occurred for all species and their
juvenile stages, except for Mesocyclops edax,
Table 22.—Calculated respiration rates for









(instar V & adult)
Diaptomus siciloides
(instar V & adult)
Diaptomus clavipes












which nocturnally migrated to the surface waters
during July and August. Respiration rates were
determined from the evening samples (sunset)
which represented resident populations in the
metalimnion.
Phytoplankton numbers were highest in the
upper 1 0 m and declined with depth. There was
never an evident seston layer as indicated by
phytoplankton counts. Mean phytoplankton
volumes between the 10- and 30-m depths on
June 1 6, July 1 8. August 20, and August 28,
1975, were 0.81, 0.89, 1.33, and 1.03 mL/m3,
respectively.
Oxygen transport (£>at) and oxygen "visibly" lost
in the metalimnion during summer stratification
were calculated from the data presented in table
23. Estimated zooplankton and phytoplankton
respiration accounted for 57 to 94 percent of
the total amount of oxygen lost during this period
(table 24). Overall, zooplankton accounted for
approximately 31 percent and phytoplankton
accounted for approximately 43 percent of the
oxygen lost.
Shapiro [45] reported that copepods alone
accounted for 23 to 1 1 0 percent of the oxygen
lost in the metalimnion of Lake Washington and
concluded that copepods were responsible for
the metalimnetic oxygen minimum in that lake.
The authors are in general agreement with
Shapiro's findings, except for his estimated
percentage of oxygen consumption by the
copepods. Shapiro considered mixing to be
minimal and did not determine oxygen transport
into the metalimnion. In Lake Mead, mixing
results in a substantial amount of oxygen being
transported into the metalimnion. For some
periods, zooplankton respiration accounted for
over 200 percent of the oxygen "visibly" lost.
Adding the amount of oxygen transported into
the metalimnion to the computations reduced
this to a realistic value of 31 percent.
Zooplankton respiration rates were conservative
estimates and these rates may be higher than
those reported. This may have little effect on the
results since Verduin" feels that the mixing rates
used in this study are also conservative because
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Figure 13.-Vertical distribution of zooplankton and dissolved oxygen at station 5, July 1975.
Table 23.—Temperature and dissolved oxygen at station 5—













































































































































































































Table 24.—Total amount of oxygen lost (oxygen transported in plus oxygen "visibly"lost)










June 17 to I July 2 to









































* Numbers in parenthesis equal the percentage of oxygen possibly consumed due to zooplankton and
phytoplankton respiration.
they were computed for b iweekly periods.
Mixing rates or eddy diffusivity computed on a
daily basis are usual ly higher than those
computed over an extended time interval.
O the r o r g a n i s m s w e r e f o u n d w i t h i n t h e
metalimnion, and their respiration could possibly
account for the remaining amount of total
oxygen lost. Respiration rates for the rotifer were
not determined because peak concentrations
genera l l y w e r e found a b o v e 10 m, but
individuals did occur within the metalimnion in
low concentrat ions (table 25). Echograms
showed large concentrations of shad within the
metalimnion during the early morning (fig. 14).
The shad were dispersed throughout the
e p i l i m n i o n in t h e a f t e r n o o n a n d w e r e
concentrated in a narrow band at the surface
nocturnally. While these organisms were present
within the metalimnion either in low numbers or
for short periods of time, their respiration would
result in further loss of oxygen from this area. The
results indicated that biological respiration could
account for the metalimnetic oxygen depletion
and that phytop lankton and zoop lankton
respiration are the primary causative agents.
Phytoplankton and zooplankton communities in
Lake Mead are not strikingly different from other
lakes. The pr imary fac to r resul t ing in the
negative heterograde oxygen profile is the deep
hypolimnion and minimal oxygen uptake of the
mud-water interface. Oxygen depletion in the
metalimnion affects only the upper portion of the
hypolimnion because of reduced turbulence
during summer stratification. At station 3, which
has a maximum depth of 45 m, and at other
shallow areas, a clinograde oxygen curve does
develop. If Lake Mead were more shallow, a




AND LAS VEGAS BAY
Introduction
The coli form group of bacteria have been
generally accepted as indicators of sanitary
quality and as standards for general use. These
indicator organisms are assumed to indicate the
degree of fecal pollution in water.
S tanda rds for c o l i f o r m s in po tab le and
recreational water have been established by
various agencies. Counts of these bacteria may
be interpreted to indicate compl iance or
noncompliance with these standards.
Enforcement of coliform water quality standards
depends on the v a l i d i t y o f the me thods
employed for co l i form enumerat ion. This
i n v e s t i g a t i o n i n c o r p o r a t e d o r g a n i s m
i d e n t i f i c a t i o n (Cowan [84 ] ) and media
comparisons to assure reliable estimates of
coliform concentration.
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Coliform enumeration.-Water samples were
collected at stations 1 to 3 in a 3-L Van Dorn
bottle previously sanitized with methyl alcohol.
Samples were transferred to a screwcap, glass
bott le, p laced on ice, and de l ivered to the
laboratory for enumerat ion of feca l and total
co l i forms by the membrane f i l ter procedure
(American Public Health Association [85]).
Coliform survival in sediments.-four gallons of
water were collected, at a point just above the
convergence of LVW (Las Vegas Wash) with LVB
(Las Vegas Bay), in previously sanit ized glass
collection bottles, placed on ice, and delivered
to t he l a b o r a t o r y . A l l f o u r s a m p l e s w e r e
combined and 1 L was placed in each of four
Imhoff funnels. The sediments were allowed to
settle and incubated at 25 °C. A fifth aliquot
was shaken and evaluated for total coliforms by
the membrane filter procedure. Two days after
collection, two Imhoff funnels were evaluated for
co l i fo rm concent ra t ions m superna tan t and
sediment by the membrane f i l te r procedure.
F i f teen days a f te r co l l ec t i on , the remain ing
Imhoff funnel was enumerated for total coliforms
in both s e d i m e n t and s u p e r n a t a n t by the
membrane fi l ter procedure.
Results and Discussion
Both fecal and total coliform populations were
low in April 1 975. An increase in their incidence
was noticed in May and continued through June
(table 26).
During July 1 975, a flash flood damaged the city
of Las Vegas sanitation plant. The flood resulted
in greatly increased coliform concentrations in
LVW and LVB. However, dur ing this period
higher concentrations of enteric bacteria were
found to be Erwinea herbicola and Klebsiella
pneumoniae. £ herbicola\s generally associated
with plant galls, while K. pneumoniae is found in
association with root systems along with fecal
mater ia l (Cowan [84]). Because such a large
volume of water came down the Wash during
this period, and because the largest number of
e n t e r i c o r g a n i s m s f o u n d may have been
assoc ia ted with plants, the source of these
bacteria may have been from the marsh system
and not from the sanitation plant. However, this
observation is conjecture because sampling was
not continuous during the breakdown of the
sanitation plant.
Pr io r t o t h e J u ! y 4 , 1 9 7 5 f l a s h f l ood , l a k e





























Figure 14.-Echogram of shad distribution and temperature profile at station 5, October 1975.
s e d i m e n t s . I t w a s f e l t t h a t s e d i m e n t
redistribution may resuspend sediment-bound
organisms of coliforms entering LVB via LVW.
However, the persistent effects from the flood
curtailed continued examination.
In September, coliform counts were low with the
exception of station 2 at 1 0-m depth. Relatively
high counts were obta ined in October and
November. Counts were low in December but an
increase was noted in January 1 976. However,
February and March 1 976 coliform counts were
low and comparable with April 1975.
Normally, the FC/TC (fecal to total coliform) ratio
is less than one; however , FC/TC ra t ios of
greater than one were found at various times and
locations during the year (table 26). Causes for
the noted anomalies have not been determined.
Technical procedures have been eliminated as a
causat ive fac tor . Possible inhibitory and toxic
effects of plating media (type m-Endo m-FC) have
not been eliminated conclusively and, therefore,
are still implicated.
Data f rom the cu r ren t s tudy and f rom the
1 974-75 monitoring program indicate that a
s i g n i f i c a n t l y g r e a t e r s u r v i v a l r a t e f o r
K. pneumoniae than E. scherichia cob on these
media. A comparison between type m-Endo and
type m - E n d o - L E S ( t a b l e 27 ) i n d i c a t e s a
significantly greater survival of coliforms plated
on Endo-LES. Obviously, further investigation is
r e q u i r e d t o d e t e r m i n e w h i c h o f t h e
r e c o m m e n d e d c o l i f o r m m e d i a i s l e a s t
detrimental to coliform survival.
Samples collected in LVW from Sunrise power
station to the convergence of LVW with LVB
resulted in relatively low fecal and total coliform
counts (table 28). However, samples were
collected between 7 and 1 0 a.m. and may not
38



































































































































































































































































































Indicates fecal coliforms greater than total coliform bacteria.
















Table 28.— Total and fecal coliforms
in Las Vegas Wash
Table 29.—Survival of sediment bound
col/forms from Las Vegas Wash
Location
Sunrise power station
Las Vegas sewage plant
























have been during peak flow periods from any of
the sanitation plants. Further sampling of LVW
should be conducted during peak flow periods
and extended over a period of several months to
determine the major sources of c o l i f o r m
introduction to LVW. Sample points should also
include the contribution of marsh areas as well
as other streams flowing into LVW.
The incidence of Salmonella and Shigellam LVW
and the inner bay of LVB was determined during
the July 1975 flash flood. Although Salmonella
a n d Shigella c a n n o t be d e t e r m i n e d
quantitatively, their presence or absence can be
determined. Salmonella was detected at stations
1 and 2.
The survival of sediment bound coliforms was
significant (table 29). Although results from the
laboratory study performed cannot be applied
directly to a lake situation, certain empirical
conclusions may be reached: (1) Coliforms
survive significantly longer in sediments, (2) the
initial coliform population will increase in size in












bottom sediments may be a cause for increased
coliform densities in LVB.
DISTRIBUTION OF ENTERIC
BACTERIA IN LAS VEGAS BAY
Introduction
The utility of oxidase positive bacteria for tracing
water distribution patterns has been established
(Tew etal. [86]). Although these bacteria are a
large component of the bacterial population,
there is another component of the population
composed of oxidase negative bacteria, among
which are included those Enterobacteriaceaeo^
specia l medical s ign i f i cance (Salmonella,
Shigella, Klebsiella, Yersinia).
Also, media used for the isolation of oxidase
negative bacteria are inhibitory and usually result
in low population estimates, while in fact these
bacteria may be present in numbers much higher
than one would expect.
For these reasons it was decided to look at the
ox idase n e g a t i v e bac ter ia as a means of
determining water distribution patterns. Data
concerning their deposition in the lake could
perhaps be obtained simultaneously.
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Previous students of water distribution patterns
did not use a confirmed method to substantiate
their results (Hoganson and Elliot [87], Losane
e t a l . [88.], McFe te rs e t a l . [89], S to rey
e t a l . [90]). However, a study conducted in
1899 (Jordan [91 [), to determine the extent of
natural purification of fecal bacteria by lakes and
streams, did utilize chlorine and fluorescein dye
as a confirming technique in conjunction with
bacterial sampling. Although the supporting
methods did not correlate directly with bacterial
concen t ra t i ons , they did ind icate water
distribution patterns from a specific sewage
source.
Fluorescent dyes, because of their relatively high
fluorometric detectability, should provide an
e x c e l l e n t p r e c u r s o r f o r b a c t e r i a l samp le
collections. An instantaneous or "slug" injection
into a moving body of water should produce a
well-defined dye peak that could be easily
monitored by fluorometric methods as the dye
moves away f rom the point of in jec t ion
(St. John [92] and Storey etal. [90]). The dye
peak would indicate water velocity, dilution rate,
and provide a signal to assure sampling of a
specific bacterial population as it progresses
away from an initial sampling point.
Inhibi tory e f f e c t s of d i f f e ren t ia l media on
oxidase negative bacteria have been discussed
extensively in the literature (Bascomb et al. [93],
Dufour and Cabell [94], Hartman etal . [95],
H o g a n s o n and El l io t [87] , McCoy and
Seidler [96], and Ray and Speck [97]). The
results of these investigations indicate that
uti l ization of noninhibitory media may be
instrumental in isolation of far greater numbers
of oxidase negative bacter ia than could be
achieved with differential media. Obviously the
use of noninhibitory and nondifferential media
would make charac ter iza t ion of the enteric
genera more d i f f i cu l t , but repl ica plat ing
methods (Lederberg and Lederberg [98]) and
biochemical characterization on initial isolation
plates (Dufour and Cabell [94]) might facilitate
characterization greatly. Difficulties in enteric
identification created by the use of noninhibitory
media would be far outweighed by the increased
harvest of these bacteria.
The distance to which bacterial tracing can be
accomplished with confidence will depend on
the ITP (initial tracer population) amplitude and
duration. Past data have indicated that ITP may
last from a few minutes to several days. Also, the
concentration of enteric bacteria may vary from
0/1 00 ml (Las Vegas Wash sample) to as high
as 10V 100 ml. P r e v i o u s s tud ies (Tew
etal . [86]) have demonstrated that individual
tracer bacteria concentrations of greater than
1 OV1 00 ml over a f ini te priod of t ime are
r e q u i r e d f o r e x t e n s i v e t r a c i n g o f wa te r
distribution patterns in LVB (Las Vegas Bay); i.e.,
to overcome the noise created by a given count
of indigenous lake bacteria, and to obviate
sedimentation and biological decay with specific
reference to enteric bacteria. Other precepts
were that t racer bacter ia should not be
indigenous to the lake and should appear in LVW
(Las Vegas Wash) periodically. Regarding the
l a t t e r t h e r e is a l s o t h e p o s s i b i l i t y t h a t
resuspension of sediment bound organisms may
perturb, to some extent, ratios of organisms
found (Cook et al. [99], Grimes [100], Hendricks
and Morrison [1 01], and Hendricks [1 02, 103]).
Previous studies conducted in Lake Mead
indicate that there may be residual population of
these organisms present in the lake at all times.
Assuming this is true, the entering enteric
population from LVW must be in concentrations
high enough to overcome the noise created by
the residual enteric populations for any extensive
tracing in LVB.
Enumeration of the individual genera and
species in the population may serve as a second
confirmatory means to assure that the same
incident population is being sampled at all times.
Also, this is an excellent way of studying the
concept that tracers need not be intermittent to
be used if two or more of them vary in relative
numbers consistently over a given period of time
(Component Ratio Concept). For example, if
organism A is usually twice as numerous as B,
then suddenly, for two weeks or so becomes half
as numerous as B, then the change in rat io
constitutes a traceable situation.
Materials and Methods
Sampl ing locat ions were se lected f rom
midstream of LVW to a point approximately
1 400 m below the convergence of the wash
with LVB. The sampling locations are illustrated
on figure 1 5.
Dye injection and detection.-The 3.785 L of










Figure 1 5.-Sample point locations in Las Vegas Wash and Las Vegas Bay.
s a m e d e n s i t y as t he w a t e r i n t he Wash
(1.025g/mL). was placed in a glass container,
suspended in midstream of LVW at sampling
point 1 and allowed to equilibriate for 30 min.
T h e c o n t a i n e r w a s t h e n b r o k e n a n d a n
instantaneous dye injection was achieved.
Because of the shallow water at sampling point
A (less than 0.3 m), the boat conta in ing the
fluormetric detection equipment could not be
used for continuous sampling of the dye peak.
Grab samples were collected at 5-min. intervals
and returned to the boat for analysis. Samples
were collected until 1 5 minutes after the dye
peak passed the sampling point. Detection of the
dye was accomplished using a Turner Model
No. 1 1 1 Fluorometer, the output of which was
recorded on a stripchart recorder. At sampling
points G and 2, the complete dye envelope was
monitored and recorded. This was accomplished
by suspending a hose into the water column at
density current depth, a depth established by
conductivity readings and pilot dye studies. The
hose was connected to a d-c self-priming pump,
the output of which was connected by 9.5-mm
tygon tubing to the f lowthrough cel l of the
fluorometer.
Bacterial sample collection.-Bacterial samples
were col lected at the dye inject ion point 1 5
minutes after dye injection and 1 5 minutes after
dye peak arrival at all other sampling points. The
samples were collected in this manner to ensure
against the possible toxic effects of the dye on
the organisms. Also, this method theoretically
would assure continuous sampling of a discrete
bacterial population at each sampling point.
Samples collected at sampling points 1 and A
were co l lec ted using a 3-L Van Dorn bottle
p r e v i o u s l y s a n i t i z e d w i th methy l a l c o h o l .
Because of the shallowness of the water at 1 and
A and because of the rap id f low, only one
subsurface grab sample was taken. Samples
col lected at sampl ing points G and 2 were
collected with a previously sanit ized 3-L Van
Dorn bott le. Samples were co l lec ted at the
surface and at a depth of 3.5 m at G, and at the
surface and at a depth of 1 0.5 m at 2 (samples
collected at depths of 3.5 and 1 0.5 m had been
previously determined as the vertical center on
the density current at these sampling points).
Immedia te ly upon co l lec t ion , the bac te r i a l
samples were t ransfer red to g lass screwcap
bottles, placed on ice, and transported to the
laboratory for analysis. Note that the time from
col lect ion to in i t ia l isolation of the bacter ia l
samples did not exceed 3 hours.
Bacterial isolation.-Initial i so la t i on of the
samples was by the membrane f i l ter method
(Amer ican Publ ic Health Assoc ia t ion [85]).
S a m p l e v o l u m e s f i l t e r e d w e r e 100 t o
0 .0001 ml in d i lu t ions of 10. All d i l u t i on
vo lumes less than 1 mL were ob ta ined by
diluting 1 0:1 in 9 ml peptone water dilution
blanks. The samples were filtered in two sets of
five replicates for each dilution.
One set of filtered samples was placed on pads
s a t u r a t e d w i t h m-Endo med ia and then
incubated at 35 °C for 24 hours. The remaining
set of f i l te red samples was placed on pads
saturated with NB (nutrient broth) and incubated
at 27 ° C for 48 hours (Dufour and Cabell [94]).
After 24 hours, the membranes incubated on
m-Endo were enumerated for typical coliform
colonies of dilutions containing 7 to 70 colonies
per plate. Typical metallic sheened colonies
were isolated onto type EMB (eosine methylene
blue) agar plates for tentative identification and
culture purification. All colonies demonstrating
typical characteristics were then identified as to
s p e c i e s . T h e s e c o n d s e t o f p l a t e s w a s
enumerated for total bacterial growth at the end
of incubation, replica plated onto VRB (violet red
bile) agar (Lederberg and Lederberg [99]), and
incubated at 35 °C for an additional 24 hours.
After incubation, the plates were enumerated for
t yp i ca l co lon ies . A l l t yp ica co lon ies were
isolated onto EMB agar for colonial purification.
Both typical and atypical colonies were then
identified as to species.
Type m-Endo media was i nc luded in t h i s
experiment as a standard referenced method.
Also, note that identi f ication of isolates from
each of the media would result in information
concerning its specificity, or inhibitory action, for
certain tribes or specific genera of the enteric
group.
Identification of isolates.-k\\s were first
evaluated for their oxidase reaction. Colonies
growing on filters incubated on sugar-free NB
were subjected to the oxidase test of Daubner
and Mayer(Dufourand Cabell [94]), with the test
reagent being applied directly to absorbent pads
and placing the filter on the pad. All colonies
demonstrating oxidase negative reactions were
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enumerated and their corresponding position on
the replica plate was recorded. Isolates from
m-Endo were transferred to duplicate NB slants
and oxidase reactions were performed in the
slant only. Pure cultures of isolates from VRB
were also transferred to NB slants and oxidase
reactions were performed in the slant only. Pure
c u l t u r e s o f i s o l a t e s f rom VRB were a l so
transferred to NB slants and the oxidase test was
reconfirmed. All isolates were tested for gram
reactions and their ability to ferment dextrose.
All isolates exhibiting oxidase negative, gram
n e g a t i v e , a n d d e x t r o s e f e r m e n t a t i o n
characteristics were subjected to the multimedia
identification scheme.
Results
The dye peak was easily monitored; its transit
time from initial injection to sampling point A
was 45 minutes. The distance from sampling
point 1 to A is 1 200 m; thus, water velocity from
1 to A was 0.444 m/s.
From sampling point A to G dye transit time was
1 1 0 min. The distance from sampling point A to
G is 400 m and the w a t e r v e l o c i t y is
6.06 x 1 0'2m/s. The force required for this
deceleration, assuming the density of the water
is 1.025 g/mL, is calculated by the formula
F= Ak/Ar • m. is 5.8x10~8 newton.
The water column temperature at G is isothermal
from surface to bottom. Obviously, if the energy
of deceleration is not given up as heat, it must
be conserved as turbu lence resul t ing in
redistribution of bottom sediments.
Transit time of the dye from sampling point G to
2 was 4 hours 5 min, representing a distance of
1 000 m and a water velocity of 6.06 x 1 O"2 m/s.
Between points G and 2, the density current
encounters a significantly larger volume of water
than was encountered prior to reaching point G;
yet in the 1 000 m between points G and 2, there
was no decrease in water velocity. This would
indicate that the turbulent water is not mixing as
it penetrates further into the lake, but acts as
though it is being held in a tight column, a
situation not unlike that in a pipe. (An attempt
was made to trace the dye peak further into LVB,
but it was never detected beyond sampling
point 2).
No attempt was made to determine the dye
c o n c e n t r a t i o n at samp l i ng po in t A, but
concentrations at sampling points G and 2 were
1.095 and 0.44 mg/l, respectively. The dye
dilution factor indicated at sampling point G was
9.1 3 x 1 0" to 1 while at point 2 the dilution
factor was 2.28 x 1 O'2 to 1. The increase of
dilution from point G to 2 was only a factor of
a p p r o x i m a t e l y 2 : 1 , w h i c h a p p e a r s t o
substantiate the theory that the density current
is relatively unaffected as it proceeds from G to
2. The leading edge of the dye envelope was
much sharper at point G than at point 2 (fig. 1 6).
The sharp peak at G and the decreased slope of
the e n v e l o p e a t 2 i n d i c a t e s d e c r e a s i n g
turbulence from G to 2. Note that the dye
duration is approximately 4 min shorter at 2 than
at G.
Because of the high background fluorescence in
the lake, the actual leading and trailing edges
could not be determined with a great deal of
accuracy. The dye envelope may in fact be
s i g n i f i c a n t l y l o n g e r t h a n i n d i c a t e d
fluormetrical ly. The shape of the dye peaks
indicate that there is more turbulent f low at
sampling point G than at 2.
The apparent dye peak broadening would seem
to preclude the coincident sampling of any
incident population initially correlated with dye
in the stream. In fact, bacterial samples collected
at sampling points did not reflect the same
dilution pattern as the dye (table 30). Between
sampling points A and G, there was a decrease
in bacterial concentrations (both total bacteria
and enteric bacteria), and between points G and
2 there was an inc rease in the bac te r ia l
populations.
Surface samples collected at sampling points G
and 2 contained bacterial concentrations of the
same order of magnitude, which indicates that
there may be a residual population in the lake at
all times. Prior to this investigation a bacterial
study was conducted between sampling points
A and G (table 31) during a period when enteric
c o n c e n t r a t i o n s w e r e a p p r o x i m a t e l y
1 . 4 x 1 OV1 00 ml (determinations were on the
basis of m-Endo isolation media) and during this
time, the surface concentrations were of the
same order of magnitude as when incoming
c o n c e n t r a t i o n s o f e n t e r i c s w e r e a t
5.6 x 1 02/1 00 ml. There was, however, a
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Sample Point G (3.5 m depth)
Sample Point 2 (10 5 m depth)
Ti me- M i n u t e s
Figure 1 6.-Integrated concentrations of the rhodamine WT
dye envelope detected in the density current at sample
points G and 2.
change in the ratios of the component species
in the population.
Total bacterial concentrations were consistently
higher than enteric concentrations isolated on
either VRB or m-Endo. Enteric concentrations
were consistently higher on replica-plated VRB
than on m-Endo. There was a slight error in the
enumeration of oxidase negative bacteria based
on the results of the oxidase reaction on colonies
grown on NB media. A significant number of the
oxidase negative colonies were actually very
weak oxidase positive bacteria. Therefore, the
differential count of total bacteria versus enteric
bacteria was similarly affected.
The comparison between m-Endo and VRB
media (to determine the extent to which m-Endo
was inh ib i to ry to en te r i cs ) was a complete
success. Data concern ing to ta l numbers of
enterics isolated on each of the media confirmed
l i t e r a t u r e c o n c l u s i o n s that VRB was less
inhibitory. However, data on the specific genera
a f f ec ted to the greatest extent were not
determined because of the choice of EMB as a
purification medium. Although widely used as a
recommended medium for this purpose, EMB
turned out to be as inhibitory as m-Endo to most
of the iso la tes f rom VRB and resu l ted in a
markedly reduced percentage of ident i f ied
c o l o n i e s . Th is is ano the r examp le o f the
unreliability of thoroughly referenced methods.
However, subsequent identification procedures
using standard mult imedia techniques were
eminently satisfactory.
Discussion
Opt ima l t r a c i n g o f b a c t e r i a l d i s t r i bu t i ons
depends primarily on the detection of a unique
population component present over a f ini te
period of time consistent with requirements
predicted from the systems analysis.
An i n t ens i ve s e a r c h r e v e a l e d no un ique
component in the bacterial population. Because
greater than 500 isolates were identified, this
conclusion is eminently justified. The results did
indicate that vary ing rat ios of consistent ly
present species might be equally useful.
The results also provided an excellent picture of
the enteric bacteria actually present, a result
quite significant for public health evaluation.
For example, consider the high numbers of
Klebsiella pneumonias, a known pathogen





























































Table 31. -Counts of enteric bacteria at
sample points A and G during a
period of high concentration




















present in the Wash (fig. 1 7). From a public
health point of view, it is fortunate that greater
than 50 percent of these organisms are
sedimented out at the convergence of LVW with
LVB. Also it is equally important that large
numbers of dysentery (Shige/la sp.J and enteric
fever (Salmonella sp.J bacteria were not found,
although they have been demonstrated to be
present in numbers far less than an infectious
dose (106) per unit volume of water. Additional
work concerning the fa te of sedimented
pathogens is strongly advised.
Returning to the basic discussion of water and
bacterial distributions, it is felt that differential
count of total numbers of LVW enterics versus
oxidase positive bacteria, and the proportionate
distribution of constituants comprising LVW and
residual lake enteric populations provided a valid
tracing procedure.
The preceding conclusion was fortif ied by
co inc iden t s u b s t a n t i a t i n g e x p e r i m e n t s
conducted with Rhodamine WT. Both the
bacteria and the dye (1) went to the same place,
(2) were influenced by similar factors, turbulence
and sedimentation (biological decay was an
additional factor affecting bacteria only), and
(3) both were reduced in their respect ive
concentrations. However, the bacteria were
affected to a greater extent than Rhodamine WT.
The results, however, demonstrate that this
unfavorable relative reduction could be more
t h a n c o m p e n s a t e d fo r by the use o f
bacteriological procedures of much greater
sensitivity.
Inhibitory effects of media.-It is abundantly
obvious that the inhibitory nature of the standard
media totally counterindicates their further use
and also thoroughly justifies the concern of this
study with optimized techniques.
The inhibitory effects of m-Endo to bacteria have
been well documented (Bissonnette et al. [1 04],
Cook [99], Dufour and Cabell [94], Klein and
Wu [105], Knittel [1 06], Scheusner et al. [107],
and Warseck etal. [108]). VRB. on the other
hand, has demons t ra ted a capabi l i ty of
supporting the growth of much greater numbers
of enteric bacteria than m-Endo. A comparison
of counts of enterics obtained from both m-Endo
and VRB is clearly indicative of the inhibitory
effect of m-Endo. The inhibitory aspect of the
media appears to be associated with dye
concentrations in the formulation.
Dye concentrations of 1:100000 will inhibit
g r a m - p o s i t i v e b a c t e r i a w h i l e a l l o w i n g
gram-negative organisms to grow. Obviously the
1.05 g/L (105 parts per 1 00 000) of basic
fuchsin would be highly selective and severely
limit the survival of enteric bacteria that do not
readily ferment lactose. VRB, however, contains
only 0.2 part per 1 00 000 of crystal violet, a dye
concentration that would be much less inhibitory
to slow and nonlactose fermenting enteric
genera.
When the dilution volumes of VRB and m-Endo
plates selected for enteric enumeration are
examined, it is apparent that dilution volumes
were much smaller on VRB, yet this medium
resulted in a significantly much higher count of
enteric organisms. This also indicates that there
may be far g rea ter numbers of slow or
nonlactose fermenting enteric tracers than there
are lactose fermenting tracers. These results may
also indicate that there may be more stressed or
damaged enterics in the environment than are
detectable with methods and media generally
accepted as standard.
The results show that s igni f icant ly fewer
transfers of isolates from VRB grew on EMB than
those transferred from m-Endo. In the case of
EMB the high concentration (65 parts per
1 00 000) methylene blue dye is implicated. The
few organisms already growing in the poisonous
environment of Endo could withstand the similar
concentration of dye in EMB.
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Figure 1 7.-Component enteric tracer bacteria detected in the density current and on the surface.
The inhibitory effects of EMB on isolates taken
from VRB may have been ampl i f ied during
incubation. The environment of the incubator
may have had a tendency to dehydrate the
media. Dehydration would increase the dye
concentration and thus increase its inhibitory
action toward slow or nonlactose fermenting
enterics.
Public health imp/ications.-Pub\\c health aspects
relative to these results are clear. The large
number of undetected enteric bacteria (with
standard procedures) indicates a possible
potential public health hazard which if continued
u n d e t e c t e d , c o u l d r e a c h i n f e c t i o u s
concentrations. This indicates that at the very
least a cr i t ical review of currently accepted
standards and procedures should be initiated.
Dilution effects.-Examination of the dye
e n v e lo p e ( f i g . 16) i n d i c a t e s an o v e r a l l
broadening and amplitude attentuation as it
proceeds from sampling point G to sampling
point 2. It seemed that bacterial numbers and
component distributions should follow the same
trend. The lengthening and attenuat ion of
bacterial numbers would have the same effect as
dilution in decreasing the numbers of an incident
population. Therefore, decreases in enteric
tracers may not be caused by broadening.
Component ratio concept.-Jhe graphic display
(fig. 1 8) of the component genera of the lactose
fermenting enteric tracers suggests that there
could be no tracing of these bacteria much
beyond s a m p l i n g po in t G, where t r a c e r
concentrations are a factor of 1 0 times greater
than background. Sampling point 2 appears to
be approaching the limit of detectability for the
t racers ut i l ized. At this point, while still a
detectable entity, they are of the same order of
magnitude as background concentrations.
In applying the component ratio concept, it was
found that it held to an amazing degree to G. This
is especially significant in view of the enormous
energy change, decreases in velocity, and
dilution effects found in this region. This new
concept may have great potential for future
application with more sensitive methods.
Limits of the component ratio concept-Enteric
tracer bacteria entering the lake via LVW are also
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Figure 1 8.-Component enteric tracer bacteria detected in the density current during a period when their numbers were very
high in Las Vegas Wash.
indigenous to the lake and a residual population
may be present at all times with some variation
in the concentrations of the component genera.
Therefore, to utilize enteric bacteria as tracers,
lower numerical limits must be preestablished for
detection and also for the entering concentration
of tracer. The precept that individual genera or
ratios must be intermittent should be applied. For
example, the data co l lec ted during this
investigation indicate in one instance an entering
tracer population whose component genera are
in concentrations of 1 and 2 x 1 02/1 00 ml, and
a background population of 3 and 7/100 ml_ in
lake water. Thus, tracing beyond sampling point
G could not be accomp l i shed wi th any
confidence because tracer concentrations were
diluted or broadened to the same order of
magnitude as the residual population of the lake.
Although there is no control of the entering
bacterial population limit, lower detection limits
can be based on the residual population
component c o n c e n t r a t i o n s . F igu re 16
demonstrates that the detection cutoff for
enteric tracers is reached when the individual
c o m p o n e n t s o f the t r a c e r f a l l be low
3 x 1 0'/1 00 ml (for an acceptable degree of
confidence). Figure 18 also illustrates that
extensive bacterial tracing in LVB would require
a t remendous concent ra t ion of enter ic
organisms for them to be detectable above the
residual population of the lake. If, however, the
enteric tracer is not indigenous to the lake and
present intermittently in LVW, tracing could be
accomplished with significantly lower enteric
tracer concentrations.
During a period when very high concentrations
of enteric bacteria were present in LVW (table
31), the background (lake) concentrations of
enertic tracer (Enterobactercolacaeand Erwinea
herbico/ajwere of the same order of magnitude
as they were at the time of the dye study.
Comparison of the component genera in the
background population (f igs. 17 and 18)
d e m o n s t r a t e s t h e v a r i a b i l i t y o f t h e
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concentrations of the component genera within
this population. This supports the hypothesis
that total numbers of residual enteric bacteria
remain relat ively constant in the lake while
numbers of component genera of the population
show signi f icant var iabi l i ty , an observat ion
weighing against the Component Ratio tracing
procedure. Note that in both cases the data were
based on isolates taken from m-Endo media and
the number of isolates per sample were not as
numerous as was desired. However, they did
indicate the feasibil i ty of utilizing component
enteric genera to determine water distribution
patterns. Obviously, isolation and identification
of much greater numbers of enteric bacteria
would bestow a greater degree of confidence on
this kind of tracing, especially with the new
technical concepts presented in this study.
The problems inherent in using enteric bacteria
tracers are basically isolation of large numbers of
enteric bacteria and rapid identification of those
isolates. Both problems may be resolved by
careful selection of media and refining present
techniques.
Initial isolation and culture purification.-^^
feasibility of-initially isolating enteric bacteria on
NB and rep l i ca p lat ing to VRB has been
demonstrated.
Table 30 indicates that the enteric population
represent approximately 3 percent of the total
bacterial population; however, the actual mean
number of enterics in the population may be
significantly greater. Note that the mean of the
enteric population is significantly lower than the
standard deviation of the total bacteria count.
This ind icates that a fo r t i f i ed NB or TGY
(tryptone glucose yeast) extract medium may
result in higher counts of oxidase negative
organisms. The results also indicate that VRB is
capable of supporting the growth of a much
greater number of enteric bacteria than m-Endo.
This suggests that VRB may be a very good
medium for both initial isolation and purification
of enter ic bac ter ia co l lected from natura l
environments.
In i t ia l i so la t ion of en te r i c o rgan i sms on
n o n s e l e c t i v e m e d i a a n d i n c u b a t i n g a t
temperatures below 30 °C would have the
advantage of allowing stressed and damaged
bacteria time to repair themselves before being
rep l ica p la ted to d i f f e r e n t i a l media. The
disadvantage of this procedure lies in the dilution
vo lumes requ i r ed fo r compe ten t co lony
counting. For example, if the total bacterial
concentration is 10VmL, a dilution volume of
sample of approximately 0.001 ml would be
required to achieve a countable number of
colonies per plate. Dilutions to this extent may
elininate all the enterics associated with fecal
pollution and a significant number of the total
enter ic population. The results, however,
indicate that the total enteric population would
remain in traceable concentrations.
Identification of enteric bacter/a.-The
Enterobacteriaceae are a family with closely
related genera. Only a few colony descriptors are
available; with the exception of certain strains of
Serratia marcescens, there is a complete lack of
chromogenesis within the family. Therefore,
descriptors for the component genera of the
population must be based on the results of
several biochemical tests.
Differentiation between Enterobacteraerogenes
and Klebsiella pneumoniae is based on the lack
of m o t i l i t y o f K. pneumon/aeand
decarboxylation of ornithine by £ aerogenes.
The reliability of these two characteristics is
suspect because it has been demonstrated that
some strains of £ aerogenes are nonmotile and
some s t ra ins are ornithine decarboxy lase
n e g a t i v e ( A m e r i c a n P u b l i c H e a l t h
Association [85], Grimes [1 00]).
I n t he m a j o r i t y o f i n s t a n c e s , s p e c i e s
identif ication of any member of the enteric
group requ i res 1 1 or more b iochemica l
d e s c r i p t o r s (Edwards and Ewing [109] ,
Johnson et al. [1 1 0], McCoy and Seidler [96],
P a i n t e r a n d I s e n b e r g [ 1 1 1 ], a n d
Tomfohrde et al. [1 1 2], and in the case of
Salmonella, specification can be achieved by
specific antibody reactions only.
Identification of large numbers of enteric isolates
would be very time consuming and costly if each
individual isolate is treated separately. A possible
alternative to this procedure would be replica
plating a mult idescr iptor ar ray from init ial
isolation plates. A method such as this would
faci l i tate the simultaneous identi f icat ion of a
large number of enteric bacteria.
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Replica plating a multidescriptor array poses
certain technical problems that must first be
resolved if it is to become a standard procedure.
The primary problem is concerned with the
transfer of discrete colonies to a series of plates
containing the descriptive media. The method
generally used incorporates short nap velvet
disks cut to the same dimensions as the isolation
plates used (Lederberg and Lederberg [98]). This
method, although satisfactory for two to three
transfers, has a tendency to distort the individual
colonies and, in some instances, is responsible
for cross contamination with adjacent colonies.
These e f fec ts appear to be caused by the
bending of the velvet nap. It appears that to
continuously achieve discrete colonies on a
series of plates, a more rigid transfer applicator
such as a densely bristled metal or nylon brush
would be desirable.
Another problem involved in the transfer and
maintenance of discrete colonies in a series of
replica plates is the dryness of medium surfaces.
A medium surface must be dry enough to inhibit
the motility of the isolates, yet not so dry as to
increase the concen t ra t i on of medium
constituents to the point where they become
inhibitory or toxic to individual isolates.
Basel ine grouping and a few conf i rmed
identifications can be achieved with eight media
(Bascomb etal. [92], Cook etal. [99], Edwards
and Ewing [109], McCoy and Seidler [96],
Painter and Isenberg [111], and Storey
etal. [90]). Further description beyond baseline
grouping would be dictated by individual groups,
and media would be made as needed.
IDENTIFICATION OF ENTERIC
BACTERIA IN WATER SUPPLIES
Introduction
The Standard Methods for the Examination of
Water and Wastewater. (American Public Health
Association [85]) lists only two methods for
presumptive and one method for confirmed
identif ication of col i form bacter ia. Both
presumptive methods, membrane filter, and
most probable numbers, rely on lactose as the
differential sugar. According to Cowan [84],
lactose fermentation is quite variable among the
Enterobacteriaceae. Thus, colonies counted and
isolated may not be coliforms, but other enteric
bacteria. For confirmation. Standard Methods
utilizes the IMViC tests, which are actually
directed toward the characterization only of
Escherichia coli. Enterobacter aerogenes. and
Citrobacter freundii, or, 3 of the 1 1 enteric
genera.
To test the extent and signi f icance of the
problem with presumptive procedures, a
program of isolation and identification was
initiated with environmental samples [Lake
Mead and LVW (Las Vegas Wash)] known to
contain large numbers of enteric bacteria. To
underscore the limitations of Standard Methods
for confirmation, a slightly modified version of
the mul t i test p rocedure advoca ted by
Martin [1 13] was applied to the same isolates
subjected to IMViC testing.
Materials and Methods
Water samples were collected in a 3-L Van Dorn
bottle sanitized with methyl alcohol. The water
column was sampled at 1 0-m increments from
surface to bottom at five sampling locations
(stations 1 to 5). The samples were placed on ice
and transported to the laboratory for analysis.
Duplicate dilutions of 100, 10, and 1 mL were
filtered on membrane filters, treated with media,
incubated, and counted according to Standard
Methods procedures for fecal and total coliforms
(American Public Health Association [85]).
Typical colonies were randomly selected from
the filters, streaked on EMB agar, and incubated
at 35 °C until well-defined colonies appeared.
Both typical and atypical coliform colonies on
EMB were transferred to maintenance slants.
When substantial growth was obtained on each
of the slants, the individual isolates were
gram-stained, innoculated into dextrose broth,
and tested for exodase and catalase capability.
The organisms demonstrating characteristics of
the Enterobacteriaceae as def ined by
Cowan [84] were introduced to the IMViC and
mult i test procedures. ROCHE Improved
Enterotubes were used for the latter.
After all biochemical tests were complete, the
organisms were identified according to schemes
for both procedures. No additional tests were
performed on organisms not identified by the
IMViC method. Rhamnose and ra f f i nose
50
fermentations were required in some instances
to supplement the 1 1 biochemical tests of the
multitest procedure.
Results
The results of the comparison demonstrate the
i n a d e q u a c y o f t h e I M V i C m e t h o d o f
identification, which resulted in relatively low
numbers of identified organisms (table 32). On
the other hand, the multitest procedure resulted
in 100 percent identification of all organisms
introduced into the system.
For example, isolate 1, identified as Escherichia
c o / / V a r i e t y I by the IMV iC p r o c e d u r e ,
demonstrated characteristics that were actually
those of Klebsiel/a spp, as i n d i c a t e d by
biochemical reactions, lack of motility, and the
presence of a capsule. The resu l ts of the
reactions of the IMViC tests, together with the
multitest procedure, indicated that the organism
was either Klebsiella pneumoniae, type 3, or
Klebsiella ozaenae.
Isolates 2, 4, and 10 were ident i f ied as
Enterobacter aerogenes Variety I by IMViC, but
the multitesl procedure confirmed their identity
as Klebsiella spp. The presence of ornithine
decarboxylase was the only biochemical test
differentiating £ aerogenes and K. pneumoniae.
The lack of motility may be another identifying
charac te r i s t i c , but accord ing to Johnson,
et al. [1 1 0], these charac te r i s t i cs are not
sufficient to differentiate genera, and because
they are so closely related, they should be
combined into a s ing le genus that would
accommodate both motile and nonmotile forms.
Isolates 7, 12, and 18 were ident i f ied as
E. aerogenesVarietles I, I, and II, respectively, by
IMViC. On the basis of rhamnose fermentation
and lace of raffinose fermentation, the multitest
indicated that E. aerogenes Varieties I and II
were actually E. cloacae, a different species.
Of the 1 8 isolates used in this comparison, only
50 percent were identified by the Standard
Methods procedure (IMViC), and of those
identified by this method, only two were correct
by current standards for nomenclature. The
multitest procedure identified all the isolates to
a great degree of confidence with the exception
of isolate 1. This particular organism would have
required a much more detailed biochemical
series of tests to establ ish whether it was
K. pneumoniae or K. ozaenae. Table 32 contains
organism identification for both the IMViC and
multimedia systems.























Escherichia coli Var. I
Enterobacter aerogenes Mar. I
Escherichia coli Var. I
Enterobacter aerogenes Var. I
NOT IDENTIFIED
NOT IDENTIFIED
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The multitest procedure employed in this study
great ly f ac i l i t a t ed the ident i f i ca t ion of the
isolated enter ics. This was pointed out by
Leers [114], who stated that more than 92
percent of the en te r ic bacter ia could be
identif ied within 24 hours without additional
tests. Actually, it was found that all the isolates
could be identified to genus within 24 hours, but
further tests were required to apply epithets to
species of Klebsiella, Enterobacter, Citrobacter,
Shigella, and Salmonella. Although not shown in
the rapid screening chart, Yersinia sppcan also
be identified by using this multitest method of
identification.
In all instances, Cowan's [84] methods should be
utilized in conjunction with the rapid screening
c h a r t b e c a u s e i s o l a t e s d o n o t a l w a y s
demonstrate a classic identification profile, and
unless the technician examines all possibilities,
the probability of misidentification is always
present.
The multitest system, which perhaps is not the
ul t imate answer for enter ic ident i f ica t ion,
appears to be the best interim procedure known
at this time. Similar methods have been used in
cl inical bacter io logy, computer ass is ted
taxonomy, and numerical taxonomy (Finlayson
and Gibbs [115], Friedman et al. [1 1 6], Johnson
e t a l . [ 1 10 ] , M a r t i n [ 1 13] , O l i v e r and
Cowell [117], and Shewane et al. [1 1 8]).
Standard Methods procedures seem burdened
with inherent possibilities for error, with lactose
fermentation producing gas within 24 +2 hours
at 44.5 °C being the basic problem. Only certain
biotypes of E coli and C. freundii exhibit the
capability. Also, there is some disagreement
concerning E. aerogenes. It has been shown that
E. aerogenes. which is capable of fermenting
lactose with gas production at 44.5 ° C, appears
to be from soil or vegetat ion free from fecal
contamination, while the other biotype, negative
for this reaction, appears to be of fecal origin
(Cowan [84]). This is in direct contradiction with
the Standard Methods.
For the above reason, it is the opinion of the
a u t h o r s t h a t t h e m u l t i t e s t m e t h o d o f
identification should be considered for the next
revision of the Standard Methods. This would
allow substitution of identification of the enteric
bacteria actually present for the rather suspect
current "col i form" procedures. Obviously,
lactose in present presumptive media would
have to be replaced by dextrose, the sugar
common to all Enterobacteriaceae.
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Total-P = total phosphorus; Diss-P = dissolved phosphorus; NH3-N = ammonia nitrogen; NO2+N03 = nitrite plus
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Lake Mead is a deep, subtropical, moderately productive, desert impoundment with a negative heterograde
oxygen profile occurring during the summer stratification. Investigations of the Boulder Basin of Lake Mead
by the University of Nevada were initiated in November 1971. The primary objective of the study was to
determine what effects industrial and sewage effluent from the Las Vegas metropolitan area, discharged into
Las Vegas Bay, have had on the water quality and limnofogical conditions of Boulder Basin. Data from the
1975-76 period are presented in detail, with earlier data included in the summaries and discussions.
Measurements of water temperature, dissolved oxygen, conductivity, pH. alkalinity, nutrient concentrations,
phytoplankton numbers, chlorophyll a, primary productivity, zooplankton concentrations, and coliform bacteria
were made monthly or biweekly. Success patterns for both phytoplankton and zooplankton are described.
Physical factors affecting the distribution and deposition of enteric bacteria (including those of special public
health importance) in Las Vegas Bay are discussed. The distribution of water and of enteric bacteria of possible
fecal origin into Las Vegas Say from Las Vegas Wash were determined. The unreliability of thoroughly
referenced techniques and methods, generally accepted as standard for enteric bacteria, are treated in detail.
Water from Las Vegas Wash forms a density current in Las Vegas Bay. The density current is located on the
bottom during isothermal conditions and in the metalimnion during summer stratification.
The metalimnetic oxygen minimum was examined in some detail and found to be caused by biological
respiration. Estimations of zooplankton and phytoplankton respiration indicate that they could account for the
majority of the cxygen lost in the metalimnion.
Primary production and algal biomass were higher in Las Vegas Bay because of nutrient enrichment from Las
Vegas Wash. The inner portion of Las Vegas Bay would be classified as eutrophic and the outer portion of
Las Vegas Bay and Boulder Basin as mesotrophic. Nitrogen is likely to be the most limiting nutrient.
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